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PEEFACE. 



In the first edition of this book, published in 1872, an attempt was made to 
bring together the existing measurements of spectra, and to present them 
upon a uniform scale of wave-lengths. Since that date, spectroscopic research 
has been very active, and the mass of material dealt with in the present 
edition is very large, not only because so many more competent observers 
have entered the field and because they are provided with greatly improved 
instruments, but also because new methods have enabled them to extend 
their observations into the ultra-violet and the infra-red regions of the spec- 
trum. The mass of materials has been so great that the author would 
hardly have ventured upon the task if he had not received the valuable as- 
sistance of a committee * of the British Association appointed at the meeting 
at York * to prepare a new series of wave-length tables of the spectra of the 
elements and compounds.' These tables were printed in the Reports of the 
Association for the years 1884, 1885, and 1886, and the bulk of the present 
work consists of reprints of these tables, but with important additions. It 
has been possible to incorporate in the reprints the results of certain valuable 
researches which were published too late to be employed in the compilation of 
the * Reports ; ' amongst them may be mentioned Thal^n's memoir * Sur le 
Spectre du Fer ' ^ and Fievez's * Sur le Spectre du Carbone.' ^ 

Another difference between the present tables and those of the Reports 
consists in the addition of a column headed * Oscillation-frequency,' in which 
the lines of the spectra are recorded by the number of wave-lengths in one 
centimetre in vclcuo. In the present stage of spectrum analysis, when 
vigorous efforts are being made, and with much success, to trace the connec- 
tion between the molecular constitution of a gas and the vibrations to 

' Consisting of Sir H. B. Eoscoe, Mr. J. N. Lockyer, Professors Dewar, Wolcott Gibbs, 
Liveing, Schuster, and W. N. Hartley, Captain Abuey, and Dr. Marshall Watts. 

* Royal Society of Upsala, sSept. 1884. 

• * M6m. de TAoad. roy. de Belgique/ xlvii. 1885. 
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IV mrax OF srscTiu. 

which its radiations are due,' it is liopod that thia method of recording 
spectra may facilitate resoai'ch ', it is, moreover, more suitable for use witli 
refract! on-8pectm aud in funuahing data for interpolation — as is more fully 
explained in tie ' Introduction,' The wave-lengths obtained by different 
observers are given in parallel columns and are expressed in ten -mill ion ths 
of a miUimitre (or tenth-metres *), They are based upon the measurements of 

Fbaunhofek Likes 





Wave-length in Air 


ReftMUrslnilrKpf Air 


A 


7604-0 


1-00029288 


B 


fi8tiT-0 


l'O0OS9S6U 


(B) 


(i;.631 


l-00OZ93h3 


D (Ka) 


-»"»{iS:ia 


l-00n2!!470 


B (Ca .1 Fe) 




100029684 


b, (Mg) 


B18:J10 




b, (Mg) 


CI721(! 




b. (Ni^Fc) 


SHi«'48 




b. (MBi:Fe) 


Gl6ti-88 




F (H) 


4Hfl07a 


l'OO020fi8B 


G (Fe) 


4307-25 


1-00029873 


H (CO 
K (Ca) 


B968-1 1 
39330/ 


1-00030028 


L (Fe) 


aai'J-B 


10003009fi5 


M (Fe) 


3727-0 


1000301475 


N (Fe) 


3S80-5 


1-00030212 


(Fe, double) 


34Si)-8 


1-00030336 


P (Pe&Ti) 


3HBi)-S 


1-00030397 


Q (Fe) 


3284-9 


I-0O0H(M5n 


B (Fe&Ca) 


317a-0 


1-00030555 


r (Fe. double) 


3144-3 


1-0O03073I 


8, (Ki, double) 


. =l}-«»« 




8, (Fe. triple) 




a (Fe) 


3046-i 




T (Fe, double) 


3019-7 




t (F.) 


2il943 




U (Fe) 


2947-8 
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' Adopting Ihesyinbil « to denote the j^ rf ami)\in't'yi^lrt v.ifrny-t i he wave-length 
n( D, may conveniently ha wriileo /i O'Sesai!. 



PREFACE V 

the Fraiinhofer lines by Angstrom for the visible rays, and the extension of 
the same series of measurements into the ultra-violet portion of the spec- 
trum by Comu and other observers. The small corrections indicated at p. 29 
of Angstrom's memoir * Le Spectre normal du Soleil ' have been applied to 
his numbers, but they are uncorrected for the dispersion of air. Hence the 
wave-lengths given in the tables refer to air of 760™™* pressure at Upsala and 
at 16® C. The numbers taken from Thal^n's 'Determination des Longueurs 
d'Onde des Raies m^talliques ' have had applied to them the small corrections 
necessary to bring them into harmony with the numbers finally adopted by 
Angstrom as * Valeurs definitives' (*Recherches sur le Spectre Solaire,' pp. 25 
and 31-32), as stated in the foregoing table. 

In converting wave-lengths into oscillation-frequencies, they have been 
reduced to vacuo by multiplying by Ketteler's values of the refractive indices 
of air.* For the ultra-violet rays the refractive indices were deduced by a 
graphical extrapolation. A curve plotted with values of ( ^ ) ^ as abscissae and 
of /i-l as ordinates was nearly a straight line, and gave the values stated 
above. The wave-lengths have then to be multiplied by these numbers, or, 
what is more convenient in practice, increased by a certain amount as stated 
in the following table, when it is not desired to go beyond the first decimal 
place. 

Table of Cobbeotions to be Applied to Wave-lengths in Aib to Reduce 

TO Vacuo. 

and 7342 add 2'2 

„ 6992 „ 21 

„ 6642 „ 20 

„ 6292 „ 1-9 

„ 5942 „ 1-8 

5588 „ 1-7 

„ 5235 „ 1-6 

4890 „ 1-5 

„ 4538 „ 1-4 

„ 4180 „ 13 

3824 „ 1-2 

3459 „ 11 

„ 8096 „ 10 

2730 ,. 0-9 

„ 2363 „ 0-8 

1994 „ 0-7 

„ 1625 „ 0-6 

The following symbols are employed in the tables to indicate the character 

of the lines : — 

8 denotes that the line is sharply defined. 

n denotes that the line is ill-defined or nebulous. 

b denotes a band, the position of the brightest part being given. 

b* denotes a band sharply defined on the least refracted side, and fading away towards 

the blue, 
b^ denotes a band sharply defined on its more refracted side, and fading away towards 

the red. 
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2363 


•• 


1994 



1 I 



Phil. Mag.' ii. 336 (1866). 



rWDEX OF BPEOTRA 

width oi n, licoad band is aoTnetimea iniiicated by a xiffix, giving the 
Piridth in ni?i(A-metrea ; thus, 4997 b'', means that the briglit edge of the 
s about 4997, and that it fades away About 4947 ; whereas 6532 b, 
Vineaiie that the band extends from 6552 to 6512, its brightest point being at 
f 6532. 



□ denotes that the lii 

d denotes that the line is dieoontiiiuDUB, or a ■ short ' line. 

r denotes that the line ia frequently 'reversed.' 

A number within paientheses, thus; {309!*9), means that while aline in this p 

has lieen obserTcd, no new measurement o{ wave-length was mode —the ^ 

length t)eing quoted from another observer. 

The intensities of the lines are expressed upon an ascending scaie fi 
El to 10 ; 1 being the feeblest and 10 the brightest. 

Most of the measurements here brought together are give 
L observers themselves in wave-lengths based upon Angstrom's 
I which seem to have been accepted with one accord aa the standard o 

The more important exceptions are the observations of Huggina I 

f Kirchhoff. The method of reducing Huggins'a numbers is explained h 

|: preface to the Jirai edition of this work. The numbers now given i 

I Kirchhoff have been reduced by graphical interpolation by i 

' interpolation instrument specially constructed for the committee by Mci 

Cooke & Sons of York, and are based upon a careful comparison of KirchM 

maps with the 'Spectre normal' of Angstrom. The identification off 

ticular groups of faint lines is not always the same as in the B. A. catalq 

of oscillation -frequencies (Report, 1878). 

The lines chosen as starting-points for this interpolation are 
I calcium and iron lines, and they are distinguished in the lists headed ' 
i hoff ' by brackets, e.g. (6161-4}. 

I It should be noted that the lines given by Huggins are frequently n 
I numerous in the region examined by him than those of Thal«!n — 
I case of arsenic, bromine, chromium, cobalt, gold, osmium, and stronqj 
I. The reason of this is probably that suggested by Thal^n,' that in many fl 
I lie employed solutions of salts of the metals, whereas Huggins employed 
p metals themselves, 
I It appears to the author that the general agreement to adopt Angsfcr 
I jiumbers is a sufficient reason for not attempting (at least at the pre 
I stage) to look for more accurate determinations of the fundamental \ 
■ lengths. It seems to be even more important to have a generally a 
I standard than to have great accuracy in the absolute values. 
I At the same time there seems no reason to doubt the great a 
Lthe recent results of Peirce, Rowland, and Bell, and the following table, 1: 
Kupon data kindly furnished by Messrs. Rowland and Boll, gives the 
I I Ha^H lOof Intro ^uolion to'loneueurz-d'Ondp.' 
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tions to be applied to the numbora of these tables to bring tjiem into as cloatti^H 


agreement iia possible with the photographin map of Prof. Rowland. ^| 


Table op Cobrbctiosb to bb Applied to Kbddcb Anosthom and Cohnu's B 


NUMSBBS TO THE 8T4SDABB OF ROWLAND'S MAP. ^1 


Wave-kntfth 


Correutioa 


Wnvc-lBQgth 


CoTTMtiOll 


1 


At or aboat ^350 


-1- 0-2 


At 6400 


+ 1'2 


I 


3370 


+ 03 


„ 5110 


4- 10 


■ 


3+00 




„ 5420 


+ 0-7 




From 3430 to 4000 


-1- 0-5 


„ 544t) 


+ ro 




At 4020 


+ 0-6 


„ 6600 






From 4040 to 4680 


+ 0-7 


From 5520 to 5600 


+ 1-2 




At 4600 


+ 0-8 


At 6700 


-^ 1-S 




From4G30to4TOO 


-1- 1-0 


„ 5740 


+ 1-2 




At 4720 


+ 0-9 


From .^780 to ROM 


-^ 10 




From 4740 to 4860 


+ 08 


„ 6030 „ 6100 






At 4880 


■f 09 


„ HlOO „ 8220 


+ 1-0 




„ 4920 


-h 10 


„ 6220 „ 6380 






„ 4960 


+ 0-a 


„ 6100 „ 6450 


+ 10 




„ 4990 


+ 0-K 


At 6460 


+ 11 




„ fiOlO 




From 5500 to 6600 


-t- 1-2 




' From 5020 to 6100 


-I- 06 


At 6250 


-^ 1-1 




„ 6120 ,. 5170 


+ 0-7 


„ 6700 


-t- 1-0 




„ B170 „ 5200 


+ O'G 


„ 6730 


* 0'9 




„ 6210 „ 5260 




„ 6750 


+ 0-8 




„ 6280 „ 5310 


+ 10 


From 6770 to 6900 ■ 


-t- 07 




At 6330 




At 6930 


+ 0-8 




„ 6330 


-1- 09 


„ 6960 


4 0'9 




„ B340 


-1- 1-0 


„ 6970 


+ I'O 




„ 6360 


+ 11 


„ 7000 
















The number finally adopted by Bell ' for the absolute wave-length of D, 


J 


{the lesa refrangible sodinm line) is 5896-18 in air at ^0= C. and 7G0»", or 


589 7 '9 in vmuo. 


Pi'of. Rowland '^ givea the following wave-lengths of the chief Fraunhofep 


lines : — 


A {«dgc) 7593'97 




66e2'96 






e' 6a70'04 


b, 6183-7.'! 


K 48G1'43 


G 43U7'aii 


It ie the author's intention shortly to publish an atlaa of maps of the 


spectra on the uniform scale of oscillation- frequencies, as a companion to tbe 




giving later measurements as far as possible, 


' ' On the Absolute Wave-length of Light,' -Am. Jour/ xxsvUi. p. 91 (Mar, 1888): 


■ Phil. Mag.' ssiii. 265. 


' -On tho EelativeWave-lengthsof the Liaes of the Solar Spectra,' "Aio. Joor.'ixiiiL 


1183 (Match, 1887) -, ■ i'hil. Mag.' isiii. 2S7. ^^^^ 



INTBODTTCTION. 



Thk best method of measnrmg and mappiog a spcctrara must, of conrsc, 

depend on the object with Tfhich the spectrum is obBerved, If the 
gpectroscope is employed only aa an anxiliary to the ordinary methodfl of 
chemical analysis, and the object is simply to determine tiio presence or 
nbgenoe of a metal of the alkalies or alkaline earths — say lithium or 
'William — ^very rough measurement only is needed ; indeed, iu moat caseB, 
^^' colonr of the line or the general appearance of the spectram ia 
aBcient. Bat if, on the other hand, the object ia, for example, the 
'terminatioD of the presence or absence of oxygen in the eun's 
:,mcisphere, or the description of some new Bpectmm observed for the 
int tune, the case is altogether different; the greatest dispersive power 
..lit the circumstances of the case will allow must be employed, and 
il':B position of each line must be measured with the utmost accuracy 
itlainable by the best use of the best appamtns at command. 
I '*-■ The spectrum may, of course, be produced either by diffraction from 
1 a diffraction- gating or by refraction through a prism. The splendid 
fliffrMtion- gratings furnished by Rutherford gire results unapproached 
^v aay other means when the source of light ia sufficiently powerful -, but 
:'iL' intensity of a diflraction spectrum is always so mach less than that 
I A dispersion spectrum that for most purposes of spectroscopy the 
j-'iiiin must be employed. 

Fnr the ordinary purposes of chemical analysis, nothing can be better 
!iiin a strongly-built spectroscope, provided with one prism of 60" of 
'■.iise glass, and a photograph-mi! li metre scale, seen by reflection at the 
:ii't surface of the prism. 

It ia not possible to construct instruments with exactly similar scales, 
i:iii flftcli instrument should therefore have its readings reduced to wave- 
i'NL-tha by the method of graphical interpolation, to be presently 
'<:.''cribcd ; but it ia convenient to have these reflected scales as nearly as 
I'^sible similar to the one given in Bnnsen'a first paper,' On this scale 
' ie Fraanhofer lines have the following positions ; — 



A 17-5 B 28-9 C 35-0 D 50 E 70'9 b 75 
G1273 H, lSI-2 H, 1657 



' {'Ail. afaff. (KoDTlh Seriee) viil. s 
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INTRODDCTION. 

,be Lithinra, Strontiuin, and Th^inm lines aro ae fallows ; — 
Li 31-5 Sr h 106-5 and Tl 67-8. 

The brass monnting in which the scale is placed is always so made 
to admit of movement horizontally, so that any division of the scale ni 
bo adjusted to any given line. The adjnatment for the BunBen net 
is made by bringing the sodium line to 50 of the scale, the image of tb 
edge of the slit which does not move when the breadth of the alit 
altered being made to coincide exactly with the division 50. If tb 
be on the left hand of the observer, then always the position of th 
left-hand edge of eacb lino and band is to be observed, and in the caa 
of a faint line the alit may be opened to admit more light, and yet a 
accnrato reading may be obtained. This refers, of coarse, only to lin 
which are sharply defined, and not to bands of considerable breadl 
The most convenient plan in making a map of an ordinary specti 
is firat to put down, as exactly aa possible, the positions of the welUdefi 
lines on an ordinary lithographed millimetre scale, opening and closi 
the slit as convenient, and then to go over the work again, keeping ( 
slit at one uniform width and noting the relative intensity of the lii 
and the width and character of the bands, whether sharply defined at ' 
edges, or sharp at the one edge and fading away at the other, or b 
in the middle and fading away at each edge, There is no better pu 
of noting the peculiarities of a spectmm than that employed by Bunae 
in which each bright line is represented by a black mark on the ptipt 
■whose height represents the intensity of the line. 

A convenient modification of the scale used with the spectroscope t 
ordinary purposes has been proposed by Professor Emerson Reynoldi 
The observing telescope carries cross wires, and as it moves from one lo 
to another it caiises an indes-finger to travel round over a divided a 
on a plate of opal gloss, which is feebly illaminated by a small flan 
The positions of the more important lines of the elements, whose spect 
are easily obtained with the Bunsen fiame, are marked on the opal plat 
the identification of any particnlar element is tbna made withoat movii 
the head away from the eyepiece of the instrament. 

Very beautifnl drawings of many of the ordinary spectra are givi 
in Locoq de Boisbandran'a ' Spectres Lnminenx.' The means of ignitii 
employed in producing these spectra were (1) the ordinary Bunsen flam 
(2) the spark from an induction coil (without a Leyden jar) striking ( 
the surface of the solution of the substance to be esamined, (3) the aps 
impinging on the surface of the fused salt, (4) the spark between metal 
wires. In some cases, the gaa feeding the Bunsen burner was charg 
with hydrochloric acid gas, by making the gas pass through a fla 
containing a warm solution of hydrochloric acid. The spectra dra' 
comprise the flame-spectra of ctesiiim, rubidium, and potassium chloridea 
barium chloride, bromide, and iodide ; strontium, calcium, magnesiuni 
manganese, copper, and gold chlorides ; boracic acid and salts of sodiam 
lithium and thallium ; and the spark-spectra of salts of potassium, sodinu 
lithium, barium, strontium, calcium, magnesium, aluminium, chromiun 
manganese, iron, cobalt, nickel, zinc, cadmium, indium, tin, bismutl 



' PAH. Mag. (Fifth 



OS) vol. V 



ISiaODOCrlON. Ill 

lead, antimony, copper, silver, mercnry, gold, platinntn, anij palladioni, 
biiriideB absorptioii-epectra of oblorJde of (lidfinintn, chloride of erbinm, 
„[jd potaBBiam permanganate. Accurate drawingti are given by Bansen' 
: j' the following spectra :^Flame- spectra of potasainm, CBMinm, mbidinm, 
ii;ultiam, sodinm, Uthinm, calcinm, strontiam, and barinm cblorides; 
Epark-Bpectra of mbidinm, ceesiam, thalliam, sodiam, lithium, calcium, 
Btrontinm, barinm, magnesium, erbium, yttrium, cerium, lanthanum, 
and didymium ; and abBorption-spectra of erbium nitrate and didymiam 
eolphate. 

It is necesBary that the indications of each Bpectroacope should be 
reduced to the common scale of wave-lengths, if the rcsiUta obtained ara 
to be compared with those obtained with other spectroscopes : but for the 
mere porpoBe of identifying an alkali or an alkaline earth it ia not necessary 
to go beyond the scale of the spectroscope itself. Photograpliod Bcales, 
giying the positions of lines directly in wave- lengths, to be uuod insle^d 
of the ordinary scale of equal parts, have been constructed,' but for 
•courato work it ia much the best to employ a scale of equal parte, and 
to effect the redaction of wave-lengllis separately. 

It is not very often that any other means of ignition than the Bunaen 
flamo is employed when the spectroscope is simply used as an addition 
■ ■ the ordinary means of chemical analysis. The employment ofa higher 
■■ Jiiperature, however, mnch extends its range even for anch purposes. 
Mil] at the same time increases the difficulty of identification, and ueces- 
MUitea more exact measurements. 

A small induction coll, actuated most conveniently by some form of 
battery, sneh as the Bichromate cell, which can be kept always ready,' 
iind a amall Leyden jar — the inside coating connected by an insulated 
nire with the one terminal of the coil, and the ontside coating with tho 
(ither — famish a spark of the necessary intensity. If platinum wires 
are employed as poles, it is important that fresh wires ebonld be taken 
tach time, since wires which have been used for any particular metal 
often continue to give the lines of that melal with great persistency, 

Bansen* recommends as poles little cones of pure porous carbon, 
impregnated with a solution of the substance under examination, 
A farther" difficulty in the employment of the spark with the spectroscope 
for the ordinary purposes of chemical analysis arises from the constant 
presence of the air.spectrum. It is necessary, therefore, to carefully map 
the apectrnni of alr° as obtained with the coil and spectroscope, which 
to be employed, say, first with platinum wires and then with silver 
1 &s poles. In each case the brightest lines will be those due to air, 
the addition in the one case of the fine lines of platinum, and in the 
iBT of those of silver. The fine lines given by the less volatile metala 

• Piy^. Ana. der Fhi/Hh u. Ckemie, elv. 368. Phil. Mag. (Fourth SerieB), toL 1. 

.vn. 

' Botfae and Sokorlemmer'i Cheaiislru, voL ii. pt. ii. p. 471. Salet, PaH» Chan. 
. .May*, 1877, 

' BoQsen, Plal. Mag. (Fourth Series), vol, 1, p, B27. 

' Phil. Mag. {Fonrth SerieB). vol. 1. p. 430, 

' For other modes of procedure see Lockyer's Stiulift in Sjiceiruai AimlyHn, 
). ilO and 63. 

' Majw ot the air-spectrum are Riv'en in Hunstm's paper, PliH, .Vug. (Kou 
in*), vol. I., and io ThalSn's 2>iUr«ihialii-ii rfrc lj'i"j<it'm-t iCOn<l<-. 
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tSTROPOCnOX. 

Kra often easily distinguished from those of Kir by the fact that they oft 
exteud only a short distance from each pole, and do not reach across t 
vhole brcftdtli of the speol.rnm, whiJe thoee of air are of equal width aero 
the whole breadth of the spoctrum. 

The air-lines are ^kinter when no jar ia employed, bo that 
the more volatile metals it ia easier to work with the coil without 
Leyden jar. 

The best map of the bright lines ol the metals is that of Thal^n ' ( 
the scale of wave-lengths), who, however, has employed poles of the m 
themselves and higher coil-power than is likely to be used in ordinal 
Jjiboratory work. 

Other modes of ignition, which, however, will be employed for tl 
most port only for special researches, are furnished by the oxy.hjdrog 
blowpipe and by the electric arc. The diiferences in the spectra obtain 
by employing these different methods of ignition may be shortly accounl 
for by the different temperature to which the substance is heated- 
low temperatures the spectra of compounds are obtained whieh at higl 
temperatures are resolved iuto their elements. The Bunsen flame gii 
the lowest temperature, the oiy-hydrogen flame next, then the spark fri 
n small coil without a Leyden jar ; then comea the electric arc, the te 
peratnre of which increases with the number of cells employed ; then i 
spark obtained with an induction coil and small jar, the temperature 
which is increased up to the highest point obtainable by increasing ' 
sine of the coil aud jar employed. 

The following list of lines wilt be fonnd useful in constructing 
curve of wave lengths for a one-prism spectroscope. The wave-len£ 
are given in tenth-metres' (or ten-milUonths of a millimetre) ; there 
also given the approximate position of the line on Bonaen's scale, and I 
reciprocal of the wave-length, or ' oscillation- frequency '—i.e. the nam] 
of waves in one millimetre. There are many advantages in using tbi 
' frequencies ' instead of the wave-lengths themselves, as will be aft 
wurds explained, 

(u) Flame S^otra. 

Senle-niimbor. Wnve-lenglh. Oacilltttion-freqocnij'. 

Lithium . 31 B - 6707'3 . . . U90-9 ' 

Hodinm . 500 . ^,fg^:«} Mean 58037 }«9^:8J}Mean IW7 

ThalUum . 678 . SasM . . . 1868'8 

Magnesium' 74'6 , fil84'2 , . . Ifl28'94 

Stiontlmn lOn'5 . 46090 . . 216D'7 



I JVova Aeta Reg. Sac. Sc. Upml, Third Series, vi. Upsala. W. SoliultK, 18(58. 

' A ' tenth-metre ' ia (^) " metre. 

' Least refrangible line of tlie (i) groap, ssen in tbe flame of hurning magnesil 

' The lines of whict tho osoillstion.rreqnency is given to two decimal places 
fonnd in Xngstriim's map, and in the B.A. catalogue of oscillation- frequenoies ; tl 
wliicli liave only one decimal place arc giTcn on the authority of Tlial6n. 
numbers have been corrected for the small diiYerences between hia tables and 
table given in XngattBm's work {' RachcrcheB sar le spBotro aolaire,') p. 31, and e 
for the dispersion of air so as to give tbe wave-lengths in vacuo. All the nnmhera 
tbe above table refer therefore to the vacuum. 
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(b) Frwmhafer Linsi, 



A . 

B . 

C . 

D . 

E . 

b, . 
b^andbf 

F . 

a . 

H. . 



Scale-number 
. 17-6 
. 28-9 
. 36-0 

. 60-0 

. 70-9 
. 74-6 
. 74-8 
76-0 
90-0 
127-3 
161-2 
165-7 



Mean 5893-7 



Cadmium 

Lithium 

Copper 

Lead 

Cadmium 

n 

Copper 
»> 

9f 

Cadmium 
Air . 

>« • 
Barium 
Cadmium 
Barium 

Calcium 

Barium 

Calcium 



86*9 

44*6 

53-2 

58-4 

66-5 

68-2 

69*9 

73-1 

76-6 

77-8 

78-7 

82 

82 

86-2 

100-8 

108-8 

110-8 

136-5 

147-1 

161-2 

165-7 



Waye-length 
7606-1 
68691 
6563-9 
5896*81 
5890-7 J 
5270-6 
5184*2 
5173-6 
5169-1 
48621 
4308-5 
3969-2 
39341 

(<t) Sjfork Spectra, 

64401 
6103-9 
57830 
5608-7 
5379-6 
53391 
5293-3 
5218-7 
5164-1 
5106-5 
5086-6 
5006-6 
5003-6 
49H4-9 
4678-3 
4654-8 
4626-7 
4227-6 
4131-9 
3969-2 
39341 



n 



OedlUtion-freqaeiiey 
1314-74 
1455-82 
1523-48 

IK} Mean 1696*7 

1897-31 

1928-94 

1932-89 

1934*56 

2066*73 • 

2321-02 

2619-39 

2641-88 



1662-76 

1638-37 

1729-21 

1782-9 

1868-9 

18730 

1889-18 

1916-17 

1940-19 

1968-29 

19660 

1997-4 

1998-6 

202637 

2137'66 

2196*49 

2209-68 

2366-44 

2420-2 

2619-39 

2641-88 



If the observer is not familiar with the Fraunhofer lines, or has difB- 
culty in recognising the particular bright lines of the metals given in the 
preceding list, the following plan is recommended : First observe accurately 
the positions of the lines of the ' flame spectra ' given, and from these 
construct an interpolation-curve ; then mark on the curve the wave-lengths 
of the Fraunhofer lines, and so determine their positions approximately on 
the scale of the spectroscope. On directing the instrument to the sun or 
to a bright cloud, the Fraunhofer lines will certainly be found at or near 
these positions. Now let these Fraunhofer lines be read off as exactly as 
possible, and from their positions, and those of the lines of the flame- 
spectra, let a more accurate interpolation-curve be drawn, and let this curve 
be used to find the positions of the lines of the spark-spectra. The final 
carre should be drawn when the positions of these spark-lines have been 
carefully observed. If it is not convenient to make use of the spark- 
speotra, a very fair curve may be constructed from the lines of the flame - 
spectra and &*om the Fraunhofer lines, but a little trouble in obtaining as 
accurate a curve as possible will be well repaid. As a sample of what 
may be done with a one-prism spectroscope and reflected scale, the follow- 
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ing nnrabera, taken from XieoDq de BoiBbandraii, for t 
bisniDth linos, are oompared with Tbalen's nambers :— 



s wave-lengths Qi 



Lecoq rte Bois 
G144 
6123 
4724 
430a 
4369 
4118 



The lines from which Lecoq de Boisbaudran' 
drawn are the following : — 



Potawiani 

SoUiA 

Solar B 

Lithinm 

Hydrogen 

Csdmium 

Litbiom 
Sodiom 
Copper 



Bcale-reidiag Wave-length 



65-65 
72-60 
77'81 
BO'78 
8371 
86-25 
88-00 
94-15 
10000 
103-35 
I06'!I0 
109-00 
11400 



ThBlen 
5143-5 
6IS3-S 



Scale-reiding Wave-lenglh 



7185 
6867 
6708 



6781 
6700 
6607 
64(i4 



Calciam 
Indiain , 
Calcium 



1-11-76 
162-83 
1 67-60 



4861 

46T7 
4607 



The onrves of the figare illustrating this report are drawn from t 
BBme data, 

The different methods of measuring the positions of the lines of 
speotrnm may conveniently bo put into two groups, which may be call 
methods of consecutive eoincidencea, and methods of simultaneous coin 
dencea. The chief plans employed are the following : — 

' Consecutive Coinoidences,' 

(1) The graduated arc and vernier. 

(2) The taogent-sorew micrometer, 

(3) The bright line micrometer, 

' Simultaneous Coincidences.' 

(4) The reflected scale. 
(6) The double-wire micrometer 

(6) The divided-lens micronieter. 

(7) The photographic method. 
It is not necessary to remark that some methods are more suitable I 

a small spectroscope, and others for a large one, and again, that a pa 
ticnlar method may be employed in one case and not in another ; f 
example, croBK- wires can be employed with the solar spectrum or with ai 
spectrum of sufficient brightness, while they are useless with very fail 

A favourite plan with the optioiang is that of the divi 
vernier, in which the telescope carries cross-wires, the intersection o 
which is brought to coincidence first with one line, then with a second, 1 
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^•md BO on. This of coarse is a, method of 'consecutive coincidences," and 
it is a necessary condition of obtaiuing correct resnlts tbat the collimator 
and slit, shall remain rigidly in the same position and that the crosa-wireB 
of the telescope and the yemier shall retain the same relative position 
during the motion from one line to another. These conditions are attended 
to in the massive constmction adopted by Steinheil and some other con- 
tinental makers, bnt are fatally disregarded when the iDstntment is 
constracted of slender metal, and when the collimator and observing 
telescope, instead of being firmly grasped at the centre of gravity, are 
merely screwed by one end into a slender upright of brass, further 
weakened at the most important point by being attenuated into some 
(so-called) ornamental shape. Certain procantiouB mnst be observed in 
the nae of a spectroscope with croaa-wirea to obtain good results. The 
eyepiece should first be removed and so adjusted that on loolring through 
it at a sheet of white paper, the crosa-wirea are seen in sharp focus, then 
replacing the eyepiece in the observing telescope removed from the 
spectroscope, the telescope should be exactly focnased on a distant object. 
Having replaced the telescope in the instrument, the collimator should 
then be adjusted tilt some lines in the green — say h in the solar spectrum — 
are in accurate focus. The instrument is then in adjustment.' When 
Qsed on the red or blue portion of the spectrum, the tocns may be adjusted 
with the obaerviog telescope, bnt the collimator should not be altered. 

It ia necessary that the ray to be measured should be lu exact focns 
together with the croaa-wires. If this is not the case, the ray will alter 
its position slightly with reference to tlio cross-wires, if the eye be 
slightly moved. The adjustment may therefore be tested by moving the eye 
slightly and obaerving whether the ray and the cross-wires move together. 
There ifl also a slight movement of the rays consequent on lateral shifting 
of the aonree of light ; this is less the narrower the slit is, and the more 
distant the source of light is. 

Some instruments are provided with a tangent-screw micrometer, — 
that ia, a long screw, the head of which ia divided into a hundred 
equal parts, by means of whict a slow motion can be given to the observ- 
ing telescope, and the nnmber of turns of the screws, and parts of a turn 
necessary to carry the cross-wires from one line to another, is noted. 

In the bright-line micrometer^ the image of a fine slit in a brass 
plate is seen by reflexion at the first surface of the prism, and ao is super- 
posed npon the spectrum ; the plate and slit have a slow motion given by 
a micrometer screw. This form of micrometer is specially nseful with 
very faint spectra, when cross-wires would be useless. In observing 
with cross-wires a luminous spectrum the lines of which are faint, it is 
necessary to admit a certain amount of light into the obaerving telescope, 
sufficient to illaminatc the wires (conveniently by raising an edge of the 
cloth used to cover up the prisms). This general light renders very faint 
hnes inviaible. In all these methods of consecutive coincidences it is neces- 
sary that no shifting of the parts of the inatrament by bending or shaking, 
nor any disturbance of the position of the source of light, nor of the exact 

' For B. different, method of adju-iting the ociUimBtor of a Gpcotroscope, see a paper 
by Dr. Schnster, I'iil. Mag. [u] vii. 95, 
' AtUraiff apii^a I Journal. Janoary 1870. 
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poaitioD of the oytt, Hhoald take place daring the passage of the cross-^ 
wires from onti I!ae to the next. !□ the metbods of ' BimDltaneons eoin- 
cideaces ' all these soarces of eri'or are avoided hy observing at the same 
instant two Itnea — one a known Hae, ased as a reference line, and the 
other the lino to be measured. 

The method of the reflected photographed scale, already described at 
Bome length, may be employed a^ a method of simDitaoeona coincidences, 
and so made more exact if, when the reading of any line iu noted, care 
be taken to observe that the sodium-line is etill exactly at 50 ; or if the 
sodium-line is not in the field, then that some other line used as reference 
line ia exactly in its right position at the moment of observation. 

The most accnrate meaanring instrument for use with large spectro- 
Bcopes is the bifilar micrometer eyepiece. This is an eyepiece similar 
to those employed for astronomical purpMes, provided with two crosses of 
fine spider-lines in the focns of the eyepiece, which must therefore be of 
the Ramsden construction. One of these cross-wires remains fired ; the 
other is moved by means of a micrometer screw. The interval between 
the line to be measured and a line of known wave-length can thus be 
determined with great precision. In taking an observation, a slight 
motion is given to the fixed cross-wires by means of the slow motion or 
tangent screw of the observing telescope, the micrometer screw of the 
eyepiece being at the same time adjusted by the other hand, till the 
observer is satisfied that each line is truly coincident with the intersec- 
tion of the covres ponding spider-lices. 

Another device for measnring the interval between two lines, qnite 
equal in aocaracy to the bifilar micrometer, is that of the divided-lens 
micrometer.' In this instrument the micrometer screw moves one- 
half of a lens placed just in front of the prisms, and divided along ^k 
horizontal diameter. The effect is to cause one-half of the spectrum t^| 
move along under the other half, and the sodium or any other conv<i^| 
nient line is used as a, substittite for the cross-wires, and is brought inj^H 
coincidence with each of the lines to be measured. It will be seen thi^H 
the necessity of admitting extraneous light to illuminate cross-wires ^H 
avoided, and this instrument can therefore be used in faint spectra wlfi^H 
precision. l^M 

The photographic method is, of course, a method of simultaneoi^B 
coincidences, inasmuch as the positions of the known lines which ai^| 
employed as reference lines are recorded at the same instant as those ti^M 
the unknown lines. ^M 

The bifilar or the divided-lens micrometer may have fitted to it ^H 
device for mapping the spectrum at the same time that the positions (^H 
the lines are measured. For this purpose the steel rod on which tlijH 
screw of the micrometer is cut is m.ade about three times as long, and tlH^| 
extra length has cut on it a much coarser thread. On this there travd^l 
a little brass piece carrying a steel point, with which a trace can be mad^| 
on a slip of blackened glass. We thus obtain a mark on the blackenedH 
strip of glass corresponding to each line of the spectrum. The map s^M 
made has the defect of representing all lines, whether intense or weaJl^l 
exactly alike ; but it would be easy to alter it, so as to limit at pleasnr^| 

' P/iil. Maj. Aagast 1876, Proc. Pkysi^ial Societi/, vol. i. p. 160. H 
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« longtii of stroke of tlie tracing point. A blight lino wonld then be 
3ted hy a long trace, and a weak Uno by a short one. The same 
niment might easily he made available for measuring the poaitioBS of 
lines in the photograph of a spectmm, since, of conree, to take a 
^otograph of a mass of lutes in a epectram ia not to have meaaored the 
mve-Iength of these lines, or to have determined their chemical origin. 

Another instrument — very useful in measuring photographed spectra, 
■ in dra-wing njaps of spectra from measurementi — is Beckley's spectro- 
graph. This consists of a brass cylinder, on which the photograph is 
stretched, and the edge of the cylinder is gradnated and provided with a 
vernier. There is also a straight edge, which can be brought down upon 
the photograph parallel to the lines of the spectrum. Each line in snc- 
''i}a?ion is brought up to the straight edge, and the position of the cylinder 
- read off by means of the vernier. The inatmmert is generally gra- 
ilnnted into degrees and minutes, but it is desirable that it shonld carry 
also (on the other edge) a division into millimetres, the vernier reading 
W the tenth of a milUmetre. The nccnraoy of reading ia increaaed by 
Bubstituting for the straight edge a small microscope with a 3-inch ob- 
jective, and with cross- wires in the eyepiece. 

We have already remarked the neoeaaity of reducing the numbers — 
hy whatever instrument obtained — to a uniform scale. 

The scale to be employed must he applicable to all spectroscopes 
alike, and must be independent of the pectdiar construction of tho instru- 
raent — the number, position, and refracting angle of the prisma, the 
dispersive jwwer of the material of which they are made, of variations in 
the temperature, and of all other disturbing causes. It is clear that in 
such a method each lino can bo mapped only by means of its colour, that 
is to say, by the length of the wave of hght by which it is produced ; 
and a spectrum so represented must be such a one as ia produced by dif- 
fraction, and not by diapersion. Dispersion -spectra obtained by the use 
of prisma o£ different materials vary greatly ia the relative breadth of 
the colours, so that in mapping a spectmm it is by no means sufficient 
to give the positions of onJy two or three lines as points of reference. 
Many otherwise valuable observations of spectra are entirely nseless from 
the insufficient number of reference lines observed. 

Three spectroscopes (each with a single prism and reflected scale), 
constructed by Dulxjecq and intended to be exactly alike, differed as shown 
in the foUowing table. The numbers show the difficulty of constructing 
o instruments with exactly similar scales : — 
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Liaes obsen'td 



pctroflooiie ' 



iwaaaium 
lithium 




8a'3 




800 


81 'fi 


Swiinm 




1000 




1000 


100-0 


Tballiom 




118-4 




IHIO 


117-5 


Strontium 




ifi7-e 




IfiOO 


15S-6 


Enbidinm 




JHfliJ 




lOfiO 


183-0 


POIassinm 




207-4 




214-0 


1980 


difraelio 


Lspectn 


m the 


position 


of the Ihics ia 


[epcndeut solely 



Diaulpbide 
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r coloor, and is precisely the sama by whatever method the s 
Btptini is obtaiued. 

The following table showa the relative poeitions occopied by the^ 
PTrftiiiihofer lines B D K F G in disperHi on- spectra, produced by prisma ofl 
crown glass, of flint glass, and of carbon diaulpbide, with which ara M 
compared the positions of the same lines in a speotmm prodaeed by 
diSi'action. The interval between B cuid G is in each case divided into 
1,(J00 eqnal parta. 

I, It will be noticed that the bine end of the spectrum is more compresB 
in the diffcaction-apectrmn than in any ot the dispersion-spectra, and tho.j 
red end is correspondingly lengthened out. 
In order that the results obtained by different observera may be oo 
parable, either the spectra must be obtained directly by the method 
diffraction, or the results obtained with t)ie prism must be reduced to laavt 
lengths . 

The admirable determinationB of the wave-lengtha of the chief solari 
lines which we owe to Angstrom, will of course form the basis of the 
reduction to wave-lengths, or when more convenient the measurementa 
based upon them of the bright lines of metallic spectra made by Thalr: 
a the choice of reference- lines regard will of course bo had to the accuracy 
measurements, since the wave-leugtha of all lines are not knO' 
iTfith eqnal accuracy. 
m If the wave-lengths are to be determined accurately to five fignrea 
mii is desirable to nae as reference lines those only which are found ii 
K Angstrom's map, or in the B, A. map of oscillatiou-frequoncies. 

The wave-lengtb of the Hue to be measured may be calculated fron 
those of two known lines between which it fella by moans of the formula 



Bwhere n^ and n, are the readings on the scale of the apeotroecope o 
Fthe two known lines, Aj and X, their wave-lengths, lij the reading of the 
line to be measured, and Xj its wave-length. It is desirable that the two 
known liuea ahould be as close to tho one to be measured as possible 
when sufficiently close the above formula gives the same result as a simpla 
proportion. 

To give an idea of the accui-aoy of the results ohtainable by nse of tha 
above formula we may suppose the problem to be to determine the w 
length of a certain strontium lino from the wave-lengtbs of the following 
three pairs of linos between which it lies. The actual wave- leu j,'t!i of the 
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^^_^ n qneBtion, as given by Tlialeu (cc 
Madiiigs are KircLhoff's :^- 



■rooted), is r.53364. The scale- 



I 



w, = I27a'3 

N, - 13flS-0 
», - 13717 
n, => 1381-3 

n, = 12«6 
n, - 12747 
«, = 1306-7 



., = 654210 The tormnla gfvcf 
Biiiiple piapoitic 
, • 562<:'05 



GG»4-00.iuida 



• E5TI83 Here the formnia gives 6S33-82, 
and a aimple proportion 
- 61t)S-Tl 6634-22. 



Bat & far more convenient plan, and one qnite eqaal to the above in 
accuracy, is that of gra^phiad iiilei-polation, which has also the great 
advantage of enabling ns to detect at once any reading inconsistent with 
Ibe rest, so giving the best mean resnlt of all the observations. 

A scale of wave-lengths is marked off along one edge of a sheet of 
paper ruled into squares (inches and tenths or millimetres), and the edge 
At right angles to this has a scale marked on it corresponding to the scale 
bl' the iustrnment. The positions of as many linos as can be aacertajned 
H'ith precision are mapped on the paper, and a smooth curve is then 
drawn through all these points, ur tlirongli as many as passible, and 
hiiving the rest as near the curves as possible, and as many above as 
below. In this way one observation is coiTected by another, and the 
carve is more likely to give correct results than an irregular line made np 
o(' many straight portions which would pttss through all of the points. 
The position of a line to be measured being found on the curve, will have 
Lipposite to it the wave-length sought. Various devices may be employed to 
I'ltcilitate the drawing of the curve. A smooth thin steel rale, which can 
be bent by the hands into the curve reqnired, will be found useful. It 
req^nirea, however, the co-operation of two persona — ono to hold the rule 
down on the puper (stretched on a drawing-board), and the other to rule 
the carve with a finely pointed hard pencil. The author of this report 
employs a little drawing instrument consisting of a steel bar, mounted on 
a brass base which rests on the paper. By means of clamping- screws the 
Bteel bar can be held bent in the required curve, whether of equal curvature 
throughout its length, or more curved in one part than another. 

A somewhat different method of proeedui-e is described in a paper by 
Mr. Wm. Dodgson in the sisth volume of the third series of tho 'Memoirs 
of the Literary and Philosophical Society of Manchester.' 

The best paper for the purpose is a paper ruled into millimetres and 
centimetres made in rolls 69 centimetres broad, which may be obtained 
through Messrs. Williams and Norgate, 14, Henrietta Street, Covent 
Garden, or a somewhat similar paper to bo obtained from Messrs. 
Lecbertier, Barbe and Co., of 60, Regent Street. These papers are more 
nniform and fi%e from shrinkage than anr others. Another paper also 
ruled in millimetres, in sheets 1 metre by 7 decimetres, is to be obtained 
from C. DupresBoir, Rue St. Honore, 175, Paris. A paper, mled in inches 
I fuid tenths, 34 inches by 15 inches, is to be obtained from Waterlow and 
i 61, London Wall, hut if. is liardly nniform enough for i 
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parpose. Some trouble expended iu drawing a good curve will be very 
well repaid. The line obtained in this way will generally be eery mncii 
carved, bat the lees carved it is tbe more easily is it drttwn and the more 
exactly can it be employed. A leas curved Viae ia obtained by nsing the 
reciprocals of the wave-lengths instead of the wave-lengths themfielves.' 
TLb adoption of this scale of inverse wave-lengths or of oscillation- 
frequencies is strongly recommended by a Committee of the British 
Association, ander whose snperiutendence a catalogue^ of oscillation- 
&eqaencies and a corresponding map of the Frannhofer lines have been 
pi^pared. It is hoped that this catalogue will be extended to the bright 
lines of metals not present in the sou's atmosphere. 

The map of oscillation-frequencies it. intermediate between a diffraction- 
spectrum and a dispersion-spectrum, the red end being less extended when 
compared with the blue end than in Angstriim's map, and more extended 
than in Kjrchhoff's. A map drawn to wave-lengths is too much dis- 
torted to be advantageously employed with a diaperaion-spectroscope, and, 
on the other hand, a spectrum mapped witb a dispersion- spec troacopa 
does not aaOiciently resemble the same spectrum seen with a diffraction- 
Bpectroacope ; but a map of oscillation- frequencies, being intermediate 
between the two, is not so diSerent from either but tbat it is saitable for 
use both with diffraction-spectroscopes and with dispersion-apectroacopee. 
Further rays which are harmonically related are represented in the map 
of oBcillation-frequeocies by equidistant lines and in the catalogue by an 
arithmetic series whose common difference is equal to its first term. The 
map accompanying this report shows the scale of a one- prism spectroscope 
reduced both to wave-lengths and to oscillation-frequencies. It will be 
seen that the second line is much leas curved than the first. 



' If the tqiiarei of the reciprocals be emplojed the interpolatioi 
I very nearly (but only neairlf/) a. atraiglit line. 

' £fitiik AuooiaHon Bej/ort, 1878, Dublin Meeting, 
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Spark Spectrum or Elementary Line Spectrum 


X a 














ntensit 

and 
iharact€ 


Osc. Freq. 
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Lecoq de 
BoiBbaadran 


Huggins 


Kirchhoff 


Thal^n 


Hartley 
and Adeney 




a 


b 


c 


d 


e 


^ u 






6606 


6602N 


66031 


6602*3 




4s 


16141^ 




6660H 


6662H 


66621 


6662-1 




7s 


1623oc^ 




6482 


6482N 


6479-9 


6479*8 




5s 


15428^»; 




6171 


6171NO 


61711 


6170*7 




5s 


16200<^^ 




6960N 


5949*6 


6949-2 




4s 


l68QSod 


»KCOK 


/6942N 
\6930N 


6940-2 


6941*6 




lOn 


16827^ 




VUOifO 


6931-9 


59321 




lOn 


16853<;^ 






6926N 


5929*2 


6929-6 




4s 


leseocd 






6768N 




6767-1 




4s 


17334^ 






6746N 




6746-1 




4s 


17401^ 






6726N 








Is 


174596 




6711 


6709N 


6710*8 


67111 




4s 


17505<?<^ 






6686N 


6685-6 


6686*6 




4s 


175S3cd 




r6685 


5680N 


5678*1 


6678-1 




lOn 


neOQod 




^{ 


6676N 


6674-6 


5674-6 




6s 


176l7c</ 




L5666 


6668N 


5666-6 


6666*1 




lOn 


17643crf 






6660N 




5649-1 




4s 


18016^^ 






5641N 




6541-1 




6s 


18042/f 




6634 


6634N 




6634-1 




8n 


18066^/ 






6528N 




5530-1 




6s 


18078<? 






6624N 








Is 


180986 




6492 


6496N 




5495*1 




7n 


18193<; 






6479N 




5479-1 




6s 


18246^ 






5462N 




5461-6 




4s 


18304^ 




6464 


6458N 




5453-1 




3s 


18333<; 






6360N 




53611 




2s 


18682<; 






6338N 




5339-6 




2s 


18723^ 






6319N 




53201 




2s 


18791^^ 






6205O 








Is 


19207& 1 
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AiK-'^ontimied. 





Spark Spectrum or Elementary 


Line Spectrum 




Intensity 

and 
Character 


Oflc. Freq. 


Lecoq de 

Boisbaudran 

a 


Huggins 
b 


Kirchhoff 
c 


Thal^n 
d 


Hartley 
and Adeney 

e 




6190O 




5189-6 




4s 


19265^ 


76I77 


/6179N 
\6176N 




6184-6 




5n 


19282^ 




5178-1 




4s 


19307^ 




6172N 




51721 




2s 


19329^ 




61630 








4s 


19363* 




6071N 








2s 


19714* 


6044 


6045N 


5043-3 


6045-1 




8s 


19819^^^ 




6024N 




602&-1 




8s 


19894^ 




6016N 




60161 




6s 


19930^ 




6010N 




6010-2 




6s 


19953^ 




6007N 




6006-7 




4r 


19967^^ 


a6003 


/6003N 
\4999N 


6004-6 


5005-2 




lOn 


19974c^ 


6000-6 


6002-2 




lOn 


199SSed 




4993N 




4993-7 




6s 


20019^ 




4986N 




4987-2 




6s 


20046<i 




49530 




• 




3s 


20184* 


4941 


49430 

4831N 




4941-2 




3n 
Is 


20232^2 
20274* 




49250 




4924-6 




4s 


20300^2 




4907O 




4906-1 




4s 


20377<^ 




4895N 




4895-6 




4s 


204t20d 




48920 








4s 


20436* 




4880N 








Is 


20486* 




48720 








3s 


20520* 




4866K 








Is 


20646* 




4858N 








4s 


20579* 




48530 








2s 


20600* 




4849N 








4s 


20617* 


4805 


4804N 




4803-1 




8s 


20814^ 


4788 


4788N 




4788-1 




8s 


20879^2 




4781N 




4779-1 
4712-2 




10s 
4s 


20918^ 
21216^ 


4706 


4705O 




4706-7 




7s 


21240^ 




46990 




4698-2 




8s 


21278^ 




46770 




4675-2 


4674-2 


3s 


21388^ 




46620 




4661-7 


•4660-2 


3s 


2Ui9de 


,Aii4Q 


/ 46480 
\4640NO 


4648-9 


4649-2 


/ 4647-2 


6s 


21506ode 




TUtO 


4641-4 


4642-2 


\^ 4641 -2 


7s 


2l5S7ode 










4640-2 




6s 


21544<; 




4633 


4629N 


4629-8 


4630-7 


4628-9 


8s 


215930^ 


€ •> 


4621N 


4620-7 


4621-2 


4619-9 


5s 


21640c^ 






4613N 


4612-8 


4613-2 


4612-3 


6s 


2U72cde 




Acati 


r4608N 
\4600N 


4606-6 


4606-7 


4605-6 


6s 


21703c<^ 


^•rwii 


46010 


4601-2 


46001 


6s 


2n29ode 




45960 




45961 


4595-0 


4s 


21754<fo 




45880 




4590*6 


4589-3 


4s 


21786^ 




4553N 






4553-2 
4543-4 
4530-1 


2b 
2s 
8b 


21956^ 
22003<? 
220686 




4533 \ T^ 
4606 J ^ 






45230 


2n 


22103^ 








4513-7 


3s 


22148^ 










4506-6 


3s 


2218349 




4496N 








Is 


22236* 




4490N 








Is 


22266* 






4477N 






4476-6 


3s 


223320 



Air — eontinned. 





Spark Spectrum or £lementary Line Spectmm 




Intensity 

and 
Character 


Osc. Freq. 


Lecoq de 

Boisbaudran 

a 


Hoggins 
b 


Kirchhoff 

e 


Tbal^n 
d 


Hartley 
and Adeney 

e 




44670 


m 




4466-1 

4458-7 


3b 
3s 


223840 
224220 


r4449 


4448N 


44463 


4446-6 


4446-0 


7s 


224840<^ 


f^ 


4434 


44371 jj 
4422/^ 




44321 


/ 4432-6 
\ 4425-9 


8b 
3n 


225530 
225880 




t Atrr 


r44160 
\ 44140 




44181 


4416-5 


6s 


22634^0 


Vlt^Xf 




4414-1 


4413-6 


6s 


22649^ 










/ 4402-6 
\ 4394-9 


2s 


227070 




4398N 






3s 


227470 
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227910 
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3s 


228350 




43640 




4868-1 


4366-8 
4356-4 
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229480 








4350-6 
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22979</0 


4347 


43470N 




4347-6 
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6s 


22993^^0 








4346-0 


4343-9 


4s 


22998<fe 








43330 


4335-9 

4330-8 

/4326-9 

\ 4324-6 


4s 
2s 

23 


23075^ 

230830 
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2s 


231170 


4318 


43180 




r43190 
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6s 
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23148<^ 
23161<^ 
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2n 


232120 










2n 


232380 










421)00 


2n 


233030 




42780 






/ 4275-3 
\ 4274-3 


2n 


233830 










Is 


233880 










/ 4265-4 
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In 


234370 










2s 


235030 


4240 


4238N 






f 4240-6 
< 4236-4 


6n 
6n 


235740 
235980 








42300 


L 4228 9 
4222-6 
42165 


6n 
2n 
2n 


2S6S7de 

236750 

237090 




4206N 






/ 4206-3 
\ 4197-9 


2n 
2n 


237660 
238140 




4190O 




41896 


/4189-3 
\4185-1 


6s 


23862<;0 




41830 




4184-5 


5s 


23888^ 




4170N 






;4176-8 
\4169-2 


4n 
4n 


239350 
239780 








41650 


4167-9 


In 


24052^0 




41490 




4149-0 


4162-7 


3s 


24086^^0 


# 


/4142N 
\4180N 




41370 


r 4145-4 


5s 


241160 






\41325 


6s 


241910 








4123-0 


/4123-7 
141190 


4s 


242430 




41170 






5s 


242710 










4110-9? 


2s 


243180 




4101N 






/ 4104-3 
\ 4102-6 


6s 
6s 


243590 
243680 


* 


4094N 






4096-6 
4092-6 
4084-8 


6s 
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2s 


244040 
24427c 
244740 








4075-5 


4076-1 


6s 


2i5S^de 




4073O 




4074 




6n 


24549fif 










4071-6 


4071-4 


6s 


246541^0 



b2 



AlB — continued. 



Spark Spectrum or £Iementary Line Spectmm 
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Thal^n 


Hartley 
and Adeney 
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►=i ^ 






4069O 




4069-5 


4069-2 
/ 4063-6 
\ 4057-2 
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24567^ 
246020 
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248350 
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254440 
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255570 

256830 

257530 

258730 

259220 

259610 

26022 










4n 


26038 










3831-0 


4s 


26095 




• 






38040 


2s 


26281 










3791-6 


2s 


26373 










37821 


2s 


26433 










3771-5 


2s 


26506 










3759-4 


2s 


26592 










3753-7 


2s 


26632 










37490 


6s 


26666 










3739-7 
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6s 
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3712-2 


5s 


26930 
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2s 
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3s 
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3s 
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3s 
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3s 


27898 










13576-0 


3s 
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3448-2 
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AiK — continued. 



Spark Spectrum 
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or Elementary 
Line Spectrum 
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and 
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or Elementary 
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and 
Character 


Oac Freq. 
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Hartley and Adeney 

e 






Hartley and Adeney 
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3389-9 


58 


29491 


/ 2884-6 
\ 2880-3 


28 


34657 


3376-9 


48 


29664 


28 


34708 


33736 


28 


29633 


/ 28231 
\ 2799-6 


3n 


35411 


3370-3 


2s 


29662 


28 


35709 


3366-7 


58 


29694 


2748-8 


Is 


36368 


3365-7 


68 


29703 


2733-2 


2s 


36575 


33537 


58 


29809 


27100 


2n 


36890 


3342-7 


In 


29907 


r 2598-4 
\ 2591-8 


Is 


38473 


3331-2 


6s 


30010 


2s 


38571 


33293 


6s 


30027 


2580*0 


28 


38748 


3324-7 


2s 


30069 


25221 


3n 


39637 


33201 


38 


30110 


2478-1 


48 


40340 


3313-3 


1r 


30172 


2463 


In 


40588 


3307-1 


Is 


30229 


2453-8 


28 


40739 


3301-1 


Is 


30284 


2445-2 


5s 


40883 


3289-9 


2n 


30387 


2433-6 


5s 


41078 


3274-2 


2n 


30533 


2423-8 


3n 


41244 


3265*2 


38 


30617 


2418-6 


2s 


41333 


3259-9 


3s 


30666 


2416-2 


Is 


41374 


3219-7 


Is 


31049 


2411-7 


Is 


41450 


3157 6 


Is 


31660 


2407-7 


Is 


41519 


3139-3 


5s 


31844 


2398-3 


Is 


41683 


3134-2 


5s 


31896 


2390-7 


Is 


41814 


3122-4 


Is 


32016 


2332-2 


In 


42865 


3058-5 


Is 


32686 


2318-1 


6n 


43126 


/ 3046-4 
\ 3042-5 


2s 


32816 


2304-4 


Is 


43382 


Is 


32858 


2301-8 


28 


43431 


30350 


2s 


32939 


22980 


2s 


43503 


/3024-1 
\ 3016-1 


3s 


33058 


2294-2 


2s 


43575 


2s 


33146 


2291-0 


Is 


43636 


30070 


6s 


33246 


2289-3 


Is 


43668 


r 2982 8 
\ 2959-5 


3s 


33515 


2250-2 


In 


44427 


2s 


33779 


2186-0 


In 


45731 



NarB.— All the air-lines are continuous. 



Aluminium. 



Kirchhoff, * Abh. Konigl. Akad. Berlin/ 1861. 

Wullner, • Festschrift Bonn,* 1868. 

Thal6n, * Nova Acta Reg. Soc. Sc. Upsal * (III.) vi. 1868. 

Lecoq de Boisbaudran, * Spectres Lumineoz/ Paris, 1874. 

Lockyer, * Phil. Trans.' clxiii. 369, 1873. 

Liveing and Dewar, * Proc. Roy. Soc.' xxviii. 367 ; • Phil. Trans.' olxxiv. 220, 1883. 

Comu, * Spectre normal du Soleil,' Paris, 1881 ; • Arch, des Sc. Geneve,' July 16, 1879. 

Hartley and Adeney, 'Phil. Trans.' clxxv. 101, 1884. 

Becquerel, • Compt. Rend.' xcvi. 1218 ; xcvii. 72. 



I. Spark Spectrum 


n. 

Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 


Lecoq de 
Boiabaudran 


Thal^n 


Kirchhoff 


Comu 


Liveing 
and Dewar 


I. 


II. 


a 


b 


c 


d 


e 










t6371-3 








6sd 




16691^ 




t6344-8 








6sd 




15756& 


6244 


♦6244-2W 


6244-6 




(6244-2) 


8nc 




UOlObo 


6233 


*6234-2(») 


6233-8 




(6234-2) 


8nc 




leosebc 




*57226a) 


5722-3 






lOsc 




17470&0 




*5696-6a) 


66961 






lOsc 




n55Sbo 


5591 


*5592-7a) 
*6066-6a) 








4nc 
lOnc 




17876& 
19770& 


Bands 

of 
Oxide 


*4662-2a) 
*4529-6a) 


4662-1 






lOnc 
6nc 




21443^0 
21694^ 


Hartley 
and Adeney 




*4511-lCi) 


46110 






6sd 




22l6lbo 




*4478-6^«) 


4477-2 
44452 






6sd 
6sd 




22S25bc 
224890 


3962 




:396M(4) 


/ 3960-9 


3960-6 


(3961-1) 


9sc 


r 


26240^^ 


3943 




:3943-lW) 


X 3943-4 

/ 3713-4 
\ 3701-6 


3943-2 


(3943-1) 


9sc 
6sd 


r 


25352bcd 
26921c 


Liveing 




and Dewar 






5sd 




270070 




3605 


f 3612-6 






9sd 




276720 




3598 


<^ 3601-2 






9sd 




277600 




3586 


L3584-4 






9sd 




278900 






/3091-9 
1 3081-2 


3091-6 


3091-5 


9sc 


r 


32335odEe 






3080-6 


3080-6 


9sc 


r 


324600^ 






r30650 
\ 3062-8 






5sd 




326170 










5sd 




326400 






f 3068-5 

< 3056-4 

L 3053-6 






5sd 




326860 










6sd 




327110 










5sd 




327380 






3049-2 






6sd 




327860 






2879-9 






6sc 




347100 






2815-3 






9sd 




356090 






f 2669 3 
1 2661-2 




2659-8 


5sd 


8r 


3758900 








26620 


5sd 


8r 


3770200 






2630-6 






9nd 




380030 






f 2574-1 




2574-5 


7sd 


8r 


3883300 






\ 2566-9 




2567-5 
2378-4 


7sd 


8r 
8 


3914100 
42031& 






r23733 

23720 

V 2370-0 

2367-2 

1 2364-5 




2373-2 


7nd 


lOr 


4212200 










7nd 




421440 










4sd 




421800 








2366-9 


4sd 


8 


4223300 












7nd 




422780 



Aluminium —continued. 



I. Spark Spectrum 


II. 

ArcSpectrnm 


Intensity 
1 and Character 


OscFreq. 


Leoq de 
Boisbaudran 


Thal^n 


Kirchhoff 


Coma 


Liveing 
and Dewar 


L 


II. 


a 


b 


c 


d 


e 
















2268-7 




8n 


440630 










2263-1 




8n 


Un2e 










2267-3 




8n 


442870 










2216-0 






461120 










2210-0 




8n 


462340 










2206-0 




n 


463670 








2024-2 








49386^ 








1988-1 








60284rf 








1933-6 








61704rf 








1928-7 








61833(^ 








1860-2 








53740rf 








1862 2 








5397Sd 



* Observed also by Lockyer. 

t Mot identified by Lockyer; the 'indices' attadied to these numbers represent the comparative lengths 
of the lines as given by Lockyer. % 89606 and 3943-0 Lockyer. 

NOTB^— Beoqcerel haa observed infra-red bands in the Arc Spectrum of Alumiuiom at 11280 and 13616. 



Antimony. 

KirchhoflF, * Berlin. Akad.* 1861. 

Huggins, * PhU. Trans.* 1864, p. 139. 

Thal6n, * Nova Acta Soc. Upsal ' (III.) vi. 1868. 

Lockyer, 'PhQ. Trans.* clxiii. 369, 1873. 

Liveing and Dewar, 'Phil. Trans.' clxxiv. 221, 1883. 

Hartley and Adeney, • Phil. Trans.* clxxv. 126, 1884. 



J(I. Spark Spectrum 


II. 

Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 


Hoggins 


ThaMn 


Kirchhoff 


Liveing 
and Dewar 


I. 


II. 


a 


b 


e 


d 








7020 








6 




14241a 


6840 








2 




14616a 


6803 








6 




14706a 


6780 








6 




14745a 


6742 








1 




14828a 


6712 








2 




14894a 


6645 








2 




16044a 


6613 








2 




15349a 


6500 








2 




15380a 


6461 








2 




16473a 


6392 








4 




15640a 


6320 








2 




16818a 


6301 


t6301-8(i) 


6302-1 




8sd 




16863&0 


6283 








4 




15911a 


6243 


* 


f6244-7W 


6243-9 




48d 




16O1O&0 


6204 




6209-2W 






4sd 




16100& 


6189 




f6193-6W 






4sd 




16141& 


6163 




f6166-2(«) 






4sd 




16242& 



10 



; I. Sf»rk 
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LSpark 


IL Are 


Intensitj 

and 
Chanurter 


—^ 


Spcctraa 


SfwctrwB 


Chanetcr ' 


Spcctnu. 


Spectram 


OK.FktJ 




\j9Cm Fra}. 
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H artier Lhreiai^ 


i 


Hankj 


Lhneing 






1 


and Adener and Devar 


L .IL 


and Adcner 


asdDievar 
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* Observed also by Leooq de Boisbaudran in the Spark Spectrum of Blsmnth Chloride solution, 
t 4721 Mascart. t ^^ Antimony. $ See Tellurium. I] See Arsenic. 

Note.— Becquerel has observed infra-red lines in the Arc Spectrum of Bismuth at 9780, 8370, 8360, and 7710^ 
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* Observed also by Hu^ns. 

t Observed by IJBCoq de Boisbaodran in the Flame Spectrum of Cadmium Cbloride and Bromide. 

t Undoubtedly an air-line. See * Air * ; Tbal^n 3995, Hartley and Adeney 3994*5. 

{Observed by Leooq de Boisbaudran in the Spark Spectrum of Cadmium Chloride solution. 
Observed also by Lockyer in the Spectrum of the Spark between metallic poles : the ' indices * attached 
tb these numbers denote the relative ' lengths ' of the lines. . 
*r Origin doubtful. ** See Aluminium. It See Thallium. t+ See Copper. 
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Becqaerel has observed infra-red bands from 8880 to 8830 and from 8760 to 8680 in the 

Arc Spectrum of Calcium. 

* Observed by Leooq de Boisbaudran in the Spark Spectrum of Caldom Chloride solution. 

t The numbers attached as ' iudicfv ' in this column denote the comparative ' lengths * of the lines. 

1 4226 Mascart. § Origin doubtful— probably Iron lines. | Compare Titanium. 

** Compare Chromium. tf See Strontium. 
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Hartley 
and Adeney 



e 



tt3919-6 
3881-9 
3875-7 
3870-7 
3589-9 
3584-8 
3583-3 
3167-7 
3166-0 
2993-1 



Intensity 




and 




Character 






Osc. Freq. 




IL 




8sd 


25506^ 


3sd 


25753^ 


58d 


25792de 


5sd 


258276 


5sd 


25847^ 


5sd 


25887^ 


58d 


25899^ 


4sd 


31565^ 


4sd 


31576<5 


4b'd 


33389^^ 



II. Line Spectrum 



Liveing 

and Dewar 

d 



2968-0 
2837-2 
2836 3 
2746-6 
2733-2 
2740-7 
2511-9 
2509-0 
f2478-3 
2296-5 



Hartley 
and Adeney 

e 



2967-3 
2836-7 
2835-9 
2746-6 

2640-0 
2511-6 
2508-7 
2478-3 
2297-7 



Intensity 

and 
Character 



II. 



38d 

8sd 

8sd 

6Dd 

In 

4sd 

78d 

7sd 

6sd 

7nd 



Osc Fieq. 



33687^ 

36238^^ 

35249^ 

36397^^ 

36576^; 

37863^ 

39801<^ 

39847^ 

40337^ 

43520^^ 



Obeerv-ed also by Morren. 



t Observed also by Salet. 



Observed also by Plttcker and Hittorf« 



I Observed in the Hydrocarbon Flame by Leooq de Boisbaudran, who, however, gives the yeUawish-green 
band 88 6689. 

Y Observed in the Are by Liveing aad Dewar. ** Double. ' ft Triple. 

XX 3906*0 Lockyer* $$ 4266-3 Hartley and Adeney. 



APPENDIX TO CAJRJBO^ 



BAND SPBCTBUM. 



The following detailed atd accurate measurements of the separate lines constituting^ 
the brighter bands of this spectrum have been made by Fievez, * M6m. de I'Acad. roy. de 
Belgique,' xlvii. 1886. The source of light was the incandescent vapour existing between 
the carbon poles of a powerful electric Ught. 
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Greenish-yellow Band 


Greenish-yellow Band 
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Cabbon — cmitinutd. 



Greenish-yellow Band 




Green Band 




Wave Length 


Intensity 


Osc. Freq. 
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Carbon — ecntinued. 



Oreen Band 



Green Band 



Wave Length 
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6127-5 
5127-1 
5126-7 
5126-0 
5125-3 
51250 
6124-2 
6124-0 
61230 
6122-6 
6122-0 
61210 
6119-3 
6118-7 
51181 
5117-6 
5117-0 
5116-3 
5115-6 
6115-0 
6114-3 
5113-6 
6112-4 
61111 
6109-6 
6109-2 
6108-6 
6108-1 
6107-6 
5107-1 
5106-8 
6106-4 
61060 
6105-5 
61060 
5104-6 
5104-1 
6103-7 
5103-1 
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5100-9 
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6094-6 
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Osc. Freq. 
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19516 
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Wave Length I ntensity 
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6089-7 
6089-2 
5088-9 
5088-4 
5088-0 
6086-9 
5086-7 
5086-2 
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5084-8 
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5083-9 
5082-6 
5082-3 
5080-9 
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19669 
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19676 
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21118 
21120 
21122 
21125 
21127 
21129 
21131 
21133 
21134 
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21137 
21141 
21144 
21148 
21162 
21166 
21162 
21166 
21171 
21175 
21180 
21184 
21188 
21192 
21196 
21200 
21204 
21208 
21209 
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Gaboon — e&ntinued. 



Blue Band 



Wave Lenp^th i Intensity Osc. Freq. 
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21212 


4712-2 
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6 


21216 


47110 
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10 


21222 
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21234 


4707-6 


10 
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4706-3 


10 


21242 


4706-0 


10 


21243 
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4696-6 


10 
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4694-8 


10 
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4694-4 
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4693-2 
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21301 


4692-1 


10 


21306 


4691-9 
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21307 


4690*8 
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21312 


4690-2 


10 


21315 


4689-9 


10 


21316 


4688*9 


10 


21321 


46871 


10 


21329 


4686-8 


10 


21330 


4685-3 


10 


21337 


46«41 


10 


21342 


4683-8 


10 


21344 


4682-3 


10 


21351 


4681-6 


10 


21354 


4681*1 


10 


21356 


4680-1 


10 


21361 



Blae Band 



Wave Length 



4678-9 
4678-6 
4677-9 
4677-3 
4676-7 
4676-2 
4675-4 
4674-9 
4674-1 
4673-2 
4672-9 
4672-2 
4671-9 
4670-9 
4670-6 
4670-1 
4669-5 
4668-9 
4668-3 
4667*7 
4666-8 
4666-0 
4665-6 
4664-7 
4663-6 
4663-2 
46621 
4661-8 
4660-8 
4660-4 
4659-9 
4659-6 
46590 
4658-0 
4657-0 
4656-2 
4665-9 
4655-3 
4654-3 
4653-7 
4652-8 
46620 
4651-4 
4651-1 



Intensity 



10 

10 

5 

5 

10 

5 

5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 
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10 

10 

10 

10 

10 

5 
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10 

5 

6 

10 

10 
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10 

5 

5 

10 

10 

6 

10 
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Osc. Freq. 

21366 
21368 
21371 
21373 
21376 
21378 
21382 
21384 
21388 
21392 
21394 
21397 
21398 
21403 
21405 
21406 
21409 
21411 
21415 
21417 
21422 
21426 
21427 
21431 
21437 
21438 
21443 
21446 
21449 
21451 
21454 
21455 
21457 
21462 
21467 
21470 
21472 
21474 
21479 
21482 
21486 
21490 
21492 
21493 



d2 



36 



Cebium. 

KirchhofI, * Abh. Berl. Akad/ 1861. 

Thal6n, ♦Nova Acta Soc. Upsal ' (Ul.) vol. vi. 

Banseo, ' Pogg. Ann.' civ. 366. 

Lockyer, 'Proc. Boy. Soc.' xxvii. 280. * Phil. Trans.' 1881, pt. iii. 



I. Spark Spectrum 


Intensity 

and 
Character 


Obc, Freq. 


I. Spark Spectrum 


Intensity 

and 
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Osc. Freq. 


Kirchhoff 
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Thal^n 
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2sd 
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4561-8 


4562-1 
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6636-3 
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4660-6 


4560-6 
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2sd 
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8nc 
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2sd 
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22081a* 


6666-1 
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2sd 
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6466-8 


5467-2 


4sd 


U2S6ab 




4482-6 


2sd 
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5463-6 
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28d 
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4479-1 


2sd 
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6409-9 


5408-7 
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4471-2 
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5352-6 


5362-2 


lOsc 
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6sd 
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lOsc 
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4448-6 
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22477* 


62.30-6 




In 
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4443-6 
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4428-1 


8sc 


22576* 
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6190-7 


4sd 


19259aft 




4419-1 


8sc 


22622* 


5186-4 


5187-2 


6sd 


1927iab 




4410-1 


2sd 


22669* 




5161-2 


2sd 


19370& 




4398-1 


2sd 


22730J 


5146-6 
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4390-3 
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Lockyer has observed the following lines in the Arc Spectrum of Cerium between th 
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1 gives lines of Cbloiine at 6460, 6399, 6213, 4940, 4896, 4820, 4808, 479S, 
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* Observed in the Spark Spectrum of Oobalt Chloride solation by Lecoq de Boisbaudran, who gives also 
liUMat 5524, 4663, 4629, 4599, 4471, 4372, 3997. 

t Observed also by Lockyer. The * indices' attached to these nnmbera, and to those by Schuster, represent 
tibe otnnparative * lengths' of the lines. 

t Not identified (Lockyer). $ Double. H See Calcium and Iron. 
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* Obserred by Lecoq de Boisbaudran in the Spark Spectram of solution of Copper Chloride, 
t Observed (together with the Bands of the Oxide) by Leooq de Boisbaudran in the Spectrum given by 
Ck)pper Chloride in the flame of a Bunsen burner. 

% See Silver. | See Tellurium. «« See Cadmium. 
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.llo-sing lines between the wave lengths 3900 and 4000 have bpcn observeii by 
n the arc-spectrum of Diilyminin. 399-t-O, 3985-6. 39788, 3976-8, 3972-4, 39645, 
(63-3, 3962-9, 39621, 39613, 3961-1, 39o7-0, 39o0-9, 39.501, 3940-6, 3937-9, 3926-1, 
118-1, 3917-0, 3910-4, 3907*8, 39063, 3901-3. 
lina occar En BosoKaiid SchoRl^r^i TcTtrinra Spvctram. t Air? 

} Puulblr line lo Cblotiue. 
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Lecoq de Boisbaudran, <Compt. Rend.,' Ixxxii. 168. 
Liveing and Dewar, * Proc. Roy. Soa xxviii. 482. 
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Gold. 

Kirchhoff, * Abh. Berl. Akad.* 1861. 

Huggins, * Phil. Trans.* 1864, p. 139. 

Thal6n. * Nova Acta Soc. Upsal.' (III.) vi. 

Lecoq de Boisbaudran, * Spectres Lamineux/ Paris, 1874. 

Liveing and Dewar, *PhiL Frans.' clxxiv. 2219, 1882. 
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* Observed also in the Spark Spectroin of solution of Gold Chloride by Lecoq de Boisbaudran, who gives 
also lines at 5725, t5601, t6458, t5347, fSSlO, 15287, 5259, t5242, t5212, 5172, 15143, t<3125, 4608, 443/, 4338, 4314, 
and 4064. 

t Observed by Lecoq de Boisbaudran in the Flame Spectrum of Gold Chlo.-ide, as well as lines at 5477, 
5437, 6418, 5364, 5328, 5263, 5222, 5179, 5158, 51U2, 5Ut!0, 5044, 4996, 4516 4430. 
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NoTB. — Certain lines measured by Hupgin.t in the photf^raphic spectra of the ^l^ 
art, in all probability, due to HTdrogeo. Tliej have the followii^ wave-lengthi— 57ti7 J. 
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♦ Double. t Probably due to Mercury. 

A later series of observations by Hasselberg on the second spectrum of Hydrogen will 
be found in the «BuU. Acad. imp. St. Petersb.'xi. 203, 1884. 
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s Bs? 

^Wiuiii : 6870'0, 6866-0, 6770*3. 



t Calcium : 7199-3, 7146 2, 7111-2, 7040'0, 6877*0. 
$ The mure refrangible of the solar pair. 
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* Observed by Lecoq de Boisbandran in the Spark Spectrum of Ferric Chloride solution, 
t Calcium : 6716-4, 6616-6, 6671-0, 6608*0, 6498-0, 6492*7, 6470*4, 6461-8, 6454-3, 6449-0, 6438*0. 



Barium : 6692-0, 6674*0, 6595-3, 6626*0, 64953, 6483*0. 



5 Angstrom ; • does not exist,' ThaWn. 
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15864^ 


6sd 


10 


US67hod 




6 


\6S76de 




In 


IBSSed 




1 


16888^ 




4n 


15893<; 




In 


16899i2 




In 


15908<; 




2 


16916i 




4 


16923^ 




1 


15928i2 




2 


16945i2 




4 


16945<20 




6 


I5d59de 


Is 


6 


l59S2de 




6 


n9S7de 




10 


16992€^ 


8sd 


8 


lQ007bde 




2 


16023^20 


\ 


6 


16043^ 


' 8sc 


10 


16047M 


1 


1 


16059^ 


i 


1 


16073^ 




5 


16077<fo 




4 


16087^ 




5 


ie092de 


t 


4 


16126^ 


8sc 


10 


UHSbde 




2 


16168«A? 




1 


16l62de 



» Obsorved also by Lccoq de Boisbaudran in the Spark Spectrum of Ferric Chloride solution. 
t Calcium : ti361-2, 63440, 6318-0, 6260"U, 6168-7, 6168-0, 6166-6. 



Barium : 6340*6. 



i Solar line double : the iron line is the least refrangible. 
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Iron — cantinited. 



I. Spark S|»ectrum 


n 


. Arc Spectrum 


Intensity and 
Character 

I. II. 


0.-4C. Freq. 


WvL^gvns 


ThaMn 


^'-•"""^ ^XHn 


Fiev«»z 
and Thaldn 


Cornu 


a 


b 


c 


d 


e 


/ 














6183-0 








1 


16169<; 








6179-3 


6179-2 






4 


16\7»de 








6172-3 


6172-3 






4 


16197^ 








6169-4 


6169-8 






5 . 


1620ide 








t6163-8 


6163-3 






2 


16220/^ 








t6162-3 








1 


16223^ 




• 




6156-7 

6150-5 

t6148-l 

/ 6136-6 

\ 6135-6 


6156-7 
6150-5 
6146-6 
6136-8 






6 

4 

4 

10 


16238<^ 
16245ffe 
16262^ 
16291<^ 


6138 


6135-8 


(6135-8) 


6135-5 




88C 


10 


162936^ 










6130-3 






1 


16308^ 








6126-8 


6126-7 






6 


i6322/f^ 








161220 


6122-0 






1 


Wd'AOde 


1 






6115-3 


6115-1 

161120 

6107-0 






2 
1 
1 


IQS^Sde 

16356^ 

16360^ 


' 






6102-2 


6101-8 






10 


16383^ 


1 

1 






t6101-2 


6100-8 






10 


16386^ 


I 






6097-4 


60970 






1 


16396^ 




1 


6095-7 


60951 






3 


16401A? 


1 


1 


6093-3 


6092-8 






1 


16407^^ 


1 






6092-7 


60921 






1 


16409^?^ 








6088-2 


6088-1 






8 


16420<;^ 


1 






6084-4 


6084-0 






2 


16431^^ 


1 






6081-9 


6081-3 
60800 






2 
1 


1 6438<^^ 
16443^ 








6077-6 


6077-2 






4 


16i50de 


6080? 


^ 6064-7 


6064- 1 


6064-5 

6056-1 
6063-1 
6041-2 
60350 


6064-5 

16061-4? 

60650 

60411 
6035-0 




8sd 


8 
1 
6 

1 
4 

1 


164846^ 

16493/J 

16510^ 

1651 6<; 

16541^^ 

16566^ 








60330 


6033-0 
6029-0 






1 

1 


16571rfd 
16581^ 






• 


60260 


6026-0 


60261 




6 


16590def 


6020 


6023-2 


(602:i-2) 


6023-0 


60230 


6023-2 


6sc 


10 


16598W 




*6019-3 




6019-1 
6011-2 


6019-2 
6011-5 


6019-2 


4sc 


8 

1 


16609W 
16630^<? 




6007-6 




6007-5 
60050 


6007-3 
6006-7 


6007-6 


4sd 


6 
2 


16641&<^^ 
lG6^5de 










6003-9 






In 


16651<! 




6002-3 




6002-1 


60020 


6002-0 


4sd 


6 


16656^^/ 








6996-9 


5998-6 
59970 






1 

3n 


16666^ 
16670<«a 




5086-4 




5986-2 


5986-2 


5986-0 


4sd 


6 


I6700bder 




5984-4 




5984-2 


5984-2 


5983-7 


4sd 


8n 


16706bdef 




59830 




6982-8 


5982-7 


5982-6 


4sd 


6n 


I67ldbdef 




5976-3 




6976-0 


59760 


5975-6 


4sd 


6 


1672Sbdef 




5974-8 




6974-6 


5974-3 


5974-2 


4sd 


6 


ie733bdej 



* Olieerved bv Lecoq de Boisbaudran in the Spark Spectrum of Ferric Chloride solution. 

t Calcium : 6163-6, 6161* 1, 6121-2, 6101-J. X Barium : 6140-4, 6109*8, 6062-0. 
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IBOM — eontimied. 



I. Spark Spectram 


II 


. Arc Spectrum 


Intensitvand 
Character 




Huggins 


ThaMn 


Kircbhoff 


Angstrttm 
and Thal^D 


Fievez 
and Thal^Q 


Coma 


I. 


II. 


Osc. Freq. 


a 


b 


c 


d 


e 


/ 










1 




5966-5 






In 


16756^ 










5961-3 








16770<? 










5959.6 








16775/? 








59571 


5957-4 








U7Slde 


6958 






69550 


5956-0 


6955-7 


Is 




lG7S5d€f 








6951-6 


6951-6 


5951-9 




6 


I67d7 def 






*6916-1 


5948-6 


5948-6 


5947-7 




8n 


16S06drf 








6940-8 


/ 5941-6 
15940-0 


5941-3 
5939-8 




1 
2 


16S2eef 
\6S30ef 








5933*9 


5933-0 


6933-6 




6 


16842^ 








5929-3 


5928-7 


5929-0 




10 


1686W 








5927-2 


5926-2 






2 


16868^ 








5916-7 


5915-6 


6916-0 




2 


16900^ 








5913-2 


5913-4 


5913-0 




lOn 


16906^^ 








5909-4 


5909-0 
5906-7 








16918^ 
16925^ 


6902 






5904-4 
6901-3 

5897-0 
58920 
58906 


5904-3 
5901-3 
5900-3 
5898-0 
5897-0 
58920 
5890-6 
5889-9 
5884-4 


6904-5 


Is 


4n 
In 


169324^ 

16941^ 

16943/; 

16950d 

16953^ 

16976(^ 

I6d7lde 

16973tf 

16989<? 


*6880 






68830 

6878-3 

5877-0 
5874-0 
5861-5 


5882-5 
5880-6 
/ 5878-2 
1 5878-0 
58760 
5872-0 
5861-4 


6882-8 

• 


Is 




UQdidef 

17000* 

17007* 

17008* 

17012i* 

17027<fo 

17056<fe 


5855 






5868-4 
t5855-5 

5851-3 
6848-5 
5847-4 
6837-0 

5832-5 
6827-6 

6816-5 
6814-0 
68110 
6808-3 

6805-8 


5868-5 
5855-2 
5854-2 
15852-2 
58510 
5848-5 
5847-2 
5835-8 
5835-1 
5833-5 
5827-5 
5825-0 
5815-5 
5813-6 
6810-5 
5808-0 
6806-7 
5806-8 




Is 


4 

■ 

2n 

In 
In 


17064^ 

17073^ 

17077* 

17083* 

17086^ 

17093/2* 

17097/fo 

171294* 

17133* 

17139/2* 

17166/2* 

17162* 

17190/2* 

17195^2* 

17206/2* 

17212/2* 

17216* 

17219/2* 








*6803-6 


6803-2 




■ 


2 


17226/2* 










6802-8 






2 


17228^2* 



* Observed by Leeoq de Boisbaadran in the Spark Spectram of Ferric Chloride solation. 



T Calcium : 6856*4. 



Barium: 5853*7. 



Iron — continued. 



I. Spark Speclniio 


II 


ArcSpectium 


Character 


Osc Frcq. 


igi^QS 


Thd^n 


Kirobboff 


and Thaleii 


FifVO! 

and Thsldn 


Comu 


j_ 


II. 


" 


b 


' 




« 


/ 
















5800-0 






In 


17236^ 








5797 '3 


5797-3 








17244rfe 








57930 


5792-2 








U25Sde 








•5790-1 


5790-1 
5789-8 






2d 


17266<ie 
172670 








5781-7 


/ 5784-5 
1 6784-2 
6783-4 








17283e 
172838 
17286*1 


i780 






6T8I-3 

B777-E 
6776-0 
677i-I 


6781-6 
6780-0 
6778-5 

6774-0 
5769-7 




U 




17292rfe 
17296* 
17302<fo 
17308rf 
17314At 
17330« 




•67620 


(57620) 


6761-9 

57620 
6751-0 
6716-7 

t'5730-5 
5727-0 
6723-0 
5720-0 
6716-8 
5715-2 
6713-B 
5713-3 

85710-8 


6762-0 
6759-6 
t575e-2 
6756-0 
5763-9 
6752-0 
6751-0 
6746-5 
5741-8 
6740-9 
6739-5 
6736-8 
5730-5 
67280 
6722-5 
5719-8 
6716-5 

5714-0 
5713-3 
6711-0 
5710-7 


5714-1 




2n 


nSoObde 

173579 

17361* 

17374b 
17380^,- 

nsssde 

17397de 
17411» 
17414e 
17418« 
17426e 
17445<i« 
17460<fa 
17468^ 
17478*> 

mssde 
nmd 

17496*-/ 
17498rffl 
17605« 

nmde 




•5708-4 




6708-3 
5707-1 
5706-0 
5705 
6700-4 
5697-2 

6693-8 
5690-6 
6685-6 


5708-5 
6707-1 
5706-0 
57050 
5700-5 
56S7-6 
5695-6 
5693-0 
6690-8 
6686-3 




6Bd 


10 


17613M 
17517rf« 
17620rfe 
17623<fa 
17537ie 
t7646<£! 
17652A) 
I7560ifo 
17567d> 
17e83<£B 




6681'G 




6679-0 
5677-9 
6671-0 


6685-2 
6679-2 
6678-0 
5670-5 
5669-1 




6sd 


In 


17594* 
17603*) 
17607ifl 
17629.je 
17634* 



Otnernd bj LecDq d« BolabmidrBa In tbe Bpark SpeoCrom of Perric Chlorlds Ktation. 
Caleium : 67MJ, i Bodluin. lirelng and DeH-ar, "" ' — *■ 
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B. Spnrk Spectrum 


11 


Arc Spectrum 


Ihtcnsltyuid 
Oh.r«cler 


OscFftq. 


Hut'pD' 


Tl.«len 


Kiroliliofl' 


and^alen 


Fi«rez 1 I-ivcinj; 
and TtaMD and Dc>vui 


I 


n. 




* 


« 


d 


' 1 J- 














6666-0 


6666-6 
6663-0 






2 

1 


I7643i« 
17653e 




IHHil-6 




5661'S 


6661-S 
6660-3 

6659-7 




Ssd 


6 

1 

I 


17657*(fe 

17682« 
I7664e 




.0U54-S 




5657-8 
5654-4 

6651-6 

B64S-0 

6643-0 
6640-2 
6637-2 

6632-7 
5624-4 


66570 

66G4-6 
f 6652-5 
V 6660-4 
6649-5 
6648-8 
5648 -0 
6S47-5 
5644-0 
5842-7 
6642-0 
6840-5 
5639-5 
5637-3 
B636'0 
5636-2 
5634-0 
6632-5 
5631-0 
66a4-l 




lOw 

68d 


8 
4 

1} 

1 
1 
2ii 

1 
1 
2 

4 

6 

1 
I 
1 
i 
1 
1 


17670*^^ 

17680i<fe 

17689<A< 

17695* 

17698e 

17700rfe 

177020 

177I2* 

17716rfe 

177I9« 

17724dtr 

17727« 

17734ifa 

17738* 

17740« 

17744* 

17T4gAt 

17763* 


0634 


•5623-3 


BG23-3 


5623-a 
6B1B-3 
6618-0 

56i6'l 


5623-5 
5619-4 
6818-5 
5617-7 
6616-0 




6Bd 


8 
2 
1 
3 
1 


unssodo 
msode 

17794<to 
17796* 
17S01rfo 


6612 


•5614-6 


(B814B) 


t5614-5 


6814-8 
561 1-0 
6609-2 
6B07-8 
6605-8 


(5814-6) 


lOac 


lOr 
1 
1 
1 
1 


1780et<fe 

IT817« 
17822* 
17827« 
17833* 


6601 


•5601-8 


(5601-8) 


5G01-7 
5598-9 


{5601-6 
6598-6 




lOsc 


8 

2 


17846SA. 
17866A» 


E59i 


5597-3 




5597-2 
6593-4 


t5587-2 
i5593-3 




lOsc 


3 

i 


l76GlJd« 
17876d* 




6591-3 




6501-3 


5590-8 
t5588-7 




8«! 


1 


17880SA- 
17888* 


5584 


•6585-7 


5685-3 


5585-S 
6583-8 
5577-6 


6685-4 
6683-3 
6578-0 


(5585-7) 


lOsc 


lOr 

1 


17898ioA 

I7905A- 

17923rf* 




•5575-0 


(5675-0) 


6574-9 


S574-4 




8sc 


8 


17933M* 




5r,7l-8 


(5571-7) 


5571-7 


5571-3 




lOsc 


9 


17»43ftdt 


5ri69 


5,-, 68-6 


G668-0 


5568-5 
B5fl6-4 
5664-6 
55H2-7 
5561 -S 


6588-S 
5566-0 
5564-2 
6562-5 
6581-4 




8so 


8 
2 
G 
5 
2ii 


inmcd, 
nseod* 

n9Kde 
17972A 
17976* 



■ Obawved bj Leooqde Loieluudua in tha GiAi'k Bpectnuh of TcttIc ObloiUt B 

4 The IcHt refrangible line nt the BOlv triplet. 

t C^oium : teOI-3, 1600-3, »J*7-3, UtS-t, iSUt, SSK-i, HM-7 
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Iron — eonHnned, 



I. Spark Spectram 


II. 


Arc Spectrum 


Intensity and 
Character 


Csc Freq. 








o 






iggins 


Thal^n 


Kirchhoff 


AnfTstrttm 
and Thal^n 


Fievez 
and Thaldo 


Livein^ 
and Dewar 


I. 


II. 


T 


a 


b 


c 


d 


e 


/ 














5569-3 


65590 




2n 


17983^ 








6557-1 


6566-7 




1 


2n 


17990^ 








6653-9 


5554-0 






6 


18000^ 








5652-7 


5552-4 






2 


18006^ 








5590-0 


5549-0 






1 


180\6de 








6646-5 


5645-7 
5545-3 






1 
2 


18027^ 
18028flte 








5542-7 


5543-0 






4 


18036^20 








6542-0 


5542-0 
6540-0 
5637-7 






4 

1 
1 


18039<2<9 

13045^ 
18063d 




• 




§115536-3 
6631-6 

5624-7 

6521-5 
5520-0 
116515-6 
5611-4 
5609-5 
5607-6 


5537-2 
5531-8 
5629-7 
6528-4 
5524*4 
5523-0 
5521-6 
5620-2 
5516-5 
5511-2 
6609-2 
5607-2 






2n 

4 

1 

2 

6 

1 

4 

lb' 

In 

2n 

2n 

2n 


18067£fc. 

18073^ 

18079<f 

18083<!f 

18096^ 

18101<? 

ISlOede 

18110^ 

lSl2^de 

18139^ 

lSU6de 

\Sl52d6 


503 


56060 




5505-9 
5501-9 


6505-9 
5503-3 
6502-0 




8sc 


8 

1 
4 


18157ft^ 

18166^ 

ISnOde 




5600-6 




6600-6 


5500-6 




6sc 


6 


lS175bdfi 




5496-6 




5496-6 

6493-6 

5492-6 
5491-0 
54890 


5496-4 
/ 5493-7 
\ 5493-0 
5492-5 
6490-8 
5489-3 




6sc 


6 

M 

1/ 
3 

1 

1 


18188&^ 

ISldSde 

18201</^ 

18207rf 

VS2i3de 




5486-9 




6486-9 
54850 
5482-4 
6480-2 
5479-9 
5477-4 


5486-6 
54840 
5481-8 
5480-2 
5479-6 




4sd 


4n 

1 

4 

4 

4 


lS220bde 

18228^ 

18236^ 

18242^ 

18244<^ 








6478-0 






2 


18251eA? 








5476-9 


5475-8 
5476-3 






8 
4 


18257rf«^ 
18259^ 








6473-3 


5473-6 






4 


iS265de 








64720 


6472-1 
5469-7 






1 
1 


18270^ 
18277^ 








6469-0 


5469-1 
5466-2 






1 

2 


18279<fo 
18289^ 








6466-6 


5466-7 






4 


18291/^ 








5463-2 


5463-4 
5462-6 






2 
4 


18299^ 
18301^ 


460 




6462-0 


6462-3 


5462-3 




2s 


6 


lS302cde 


464 


*5454-8 


(6464-8) 


5454-7 


5464-7 
6451-6 




lOso 


10 

1 


lSS27bde 
18338^ 



» Observed also by Lecoq de Boisbaudran in the Spark Spectmm of Ferric Chloride solution. 
Doable. § The least refrangible of the solar pair. li Barium : 5634-2, 6518*4. 
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I KON — tHmtinued. 



I. 


Spark Spect 


rum 


II, 


Arc Spectrum 


Intensity and 
Character 


bacFreq. 


Hueirins 


ThaMn 


Kirohhoff 


o 
Angstrom 


Fievez 


Liveing 






""^j^j 






and Thal^n 


and Thal^n 


and Dewar 


I. 


II. 




a 


b 


e 


d 


e 


/ 
















5447-3 






1 


183520 


6444 


*6446-0 


5446-6 


6446-9 


6446-0 


(6446-0) 


lOsc 


10 


lSS56bcde 






5444-7 


6444-2 
6440-0 

5435-4 


5444-3 
5440-7 
5438-0 
15436-0 
5435-6 






4 
1 
1 
1 
2 


183620^ 

18376^0 

183840 

183900 

18892<20 


6432 




5433-3 


6433-0 


6433-0 




28 


10 


184000^0 


6426 


*6428-9 


(5428-9) 


6428-8 


115428-0 


(6428-9) 


lOsc 


10 


ISnebdfi 


6424 




64230 


6423-6 
5416-0 


5423-4 
5419-2 
5416-2 




28 


lOn 

1 
1 


184340^ 

184470 

18458<^ 


6412 




6414-6 


6414-6 


5414.6 




Is 


lOn 


184630£20 


6409 




64100 


6410-0 
5408-5 


5410-0 

6408-2 

{5406-5 




Is 


8 
1 
1 


184790£20 

18484^ 

184910 




*6404-9 


(6404-9) 


5404-8 


5404-9 


(6404-9) 


88C 


lOr 


184966^ 


5402 


6403-2 


(6403-2) 


6403-1 


5403-3 




8sc 


8 


18602^0 


Vogel 








and Thal^n 












6401 






5399-6 
5397-3 


5399-6 
5897-0 




28 


4 
5 


lS&l4de 
18522^20 




5896-2 


(6396-2) 


5396-2 


53960 


(6896-2) 


880 


8 


lBB26bde 


6892 


*6392-4 


63920 


6392-1 


5392-3 




6sc 


8 


185406(^ 


6388 






/ 53i*0-4 
15388-4 


5390-3 






4 


18646<20 








5388-8 






7 


18662i^ 








5886-6 


5386-0 






1 


1856020 








5385-6 


5385*0 






1 


18564^ 


6383 


*6382-4 


(6382-4) 


5382-5 
6378-5 
5376-5 


5382-4 
5378-0 
5376-2 




6sc 


8 
4 

1 


18674^ 

18688^ 

18694<20 


/ 






5375-7 
5372-6 


5375-2 
5372-5 






In 
4 


18598<20 
18608^ 


t6370 


♦5370-6 


6370-8 


6370-6 


5370-6 


(6370-6) 


lOsc 


lOr 


ISeUbcde 




63691 


(5369-1) 


6369-0 


5369-0 




68d 


8 


lS620bde 


5366 


5366-6 


6366-7 


5366-4 
5364-4 


5366-6 
5364-3 




6sd 


8 
4 


18629^20 
1863&20 


5366 


6364-1 


6363-8 


5363-9 


5363-6 




6sd 


8 


ISQSlbede 


5363 


63620 




5361-9 
5360-8 
5357-3 


5361-8 
5360-6 
53^7-3 
5356-0 




48d 


2 

1 
7 

1 


ISeUhdd 
18649^ 
18661<20 
186690 




6362-5 




6352-6 


5352-5 




48d 


7 


lB677hde 




5348-7 




6348-8 
5342-7 


§5348-7 
5342-4 




4fld 


2 
2 


1869iatf0 
187124^ 




* / 5340-3 
16339-3 


(6340-3) 


6340-8 


5340-0 




8sc 


6 


18790M^ 




(6339-3) 


5339-2 


5338-9 




88C 


6 


1B7%§SU$ 








63321 
63290 


5332-0 
5329-1 






4 


1874Sib 



1 25"^ *^** ^^ ^®°^ ^® Bolsbaudran in the Spark Spectrum of Ferric Chlorite r 
I ?*I , ®- 1 Fofldbly dna to 1ft 

9 Oaloimn : 6348-4, the Iron Une is the less refrangible of the soltf nS; '•^ •* •" 
I Barium : 6436-0, 64S6-0, 6484-0. *^^ 
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Ibon- eontinued. 



I. 


Spark Spectrum 


II. 


. Are Spectrum 


Intensity and 
jCharacter 


OacFreq. 


Huggins 


Thal^n 


Kirchhoflf 


Vogel 


Fievez 


Liveing 










and Thal^n 


and ThaMn 


and Dewar 


I. 


II. 




a 


b 


c 


d 


e 


f 




6 




6322 


*5327-4 


r 6327-7 
\ 5327-2 


/ 5327-3 


5327-6 




lOsc 


18765c^ 




%^%fm» 1 ^t 


\. 6327-0 


53270 


(6327-2) 




10 


18766c^^ 




- 






5326-6 






1 


18768« 










5325-9 






1 


18770tf 










5325-2 






1 


18773tf 


5318 


5323-5 


(5323-4) 


5323-2 
5321-4 
5420-4 
5319-3 
5318-5 


5323-5 
5321-3 
5320-3 
5319-2 
5318-0 




88C 


8 
1 
1 
1 
1 


18779J<fo 

18783rf/» 

18790^ 

18794<^ 

18798<«tf 


5314 


53160 


5316-1 


53161 
5314-6 


5316-0 
5314-5 




8sc 


4 
2 


18810^ 


5312 


*6306-6 




t6306-5 


5306-6 




68d 


6 


18839^^ 


5299 


5301-6 


(5301-6) 


t6301-5 
5299-4 
5298-1 
5294-9 

5293-7 
5292-7 


5301 -4 
5299-0 
5298-2 
52950 
5294-3 
5293-9 
52920 




68d 


10 
1 
2 
1 
1 
2 
1 


188576^ 

18865<2tf 

18869^ 

18880^ 

18883<? 

18884<2« 

18889<25 


5289 






6287-6 
5284-2 
5283 4 


5287-6 
5284-2 
5283-8 






4 
1 
1 


18906^ 
18919<2« 
18921<i0 


t6282 


r*5282-7 
\ 62810 


5283-0 


6282-7 


5282-6 


• 


8sc 


10 


\%%2^hedc 


(62810) 


6280-9 


5280-8 




68d 


8 


18930»if 








5279-7 


5279-0 






1 


18940ti& 


6274 


• 




5275-2 
5274-5 
5272-5 


5275-0 
5274-0 
5272-3 




Is 


2 
3 
6 


18951^ 
18954^ 
18961<2& 


-r6270 
"\5269 


r*5269-6 
\ 5268-6 


(5269-6) 


{6269-2 


§5269-5 




lOsc 


10 


V^%nhde. 


(5268-6) 


5268-5 


5268-6 


(6268-6) 


lOsc 


10 


\%^lhhde 


5267 


5265-9 


6266-6 


6265-3 


$5265-5 




88C 


10 


\%%%hhede 


6262 


6262-5 




5262-3 
5256-8 
5254-7 


§5262-0 
6256-6 
5254-7 




48d 


6 

1 
1 


18997^^/; 

19018^ 

19025<2<; 


6256 






5253-9 
5262-4 


52540 
5252-6 




Is 


3 

4 


19027A» 
19033^ 


*5250 






/ 6250-8 
1 5249-4 


5251-0 




Is 


2 


19039<2& 






5249-8 




6 


19043^2^ 








5248-0 


5247-9 






1 


19049<^ 








6246-2 


5245-7 






2 


19057<^^ 








5244-7 


5244-0 






In 


19062//^ 








6243-0 


5242-8 






1 


19068A? 


6241 


1 




5241-8 
5263-4 
5234-4 
5233-6 


5241-1 
6235-5 
5234-7 
5233-8 




Is 


6 
1 
3 
1 


19073<fo 
19095€e& 
19098(^ . 
19101rf/? 


6232 


*6232^2 


(6232-1) 


. 6232-1 
62290 


5232-1 
5229-0 




lOsc 


10 
4 


19107W 
19119rfe 








6227-4 


5227-6 






1 


19124<;<; 



\ 



in the Impark Speotmin of Perric Chloride solation. 
X Leas refrangible thaa the CalcHim line. 



^'L 
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/ 


Iron— 


continned. 










• 

1. 


Spark Spectram 


II. 


Arc Spectmm 


Intenmtjand 
Character 


Osc. Freq. 
















HugginH 


Thal^n 


Kirchhoff 


Vogel 
and Thal^n 


Fievez 
and Thal^n 


Liveing 
and Dewar 


I. 


II. 


* 


a 


b 


e 


d 

• 


e 


f 








5226 


6226-4 


(5226-4) 


6226-4 


f 5226-4: 
15226-0 


t(52260) 


lOsc 


flOr 
i 6 


l9l2Sbde 


1 






5224-5 


5224-8 






2 


12135^ 








5222-3 


5222-0 




* 


2 


19144^ 








5221-5 


5221-4 
5220-8 






1 
1 


19146^ 
19149^ 








5220-2 


5220-0 






1 


1915l<«e 








5218-7 


5217-7 






In 


19158^ 


§5218 






5216-7 
6216-6 
5214-6 

5209-5 


5216-7 
5215-5 
5214-5 
5211-0 
5209-5 




Is 


6 
6 
6 
1 

1 


ldl64de 

19168^ 

19172<fo 

19185^ 

19190<fo 








115207-6 


5207.8 




6sd 


8 


Idldlbde 


^ 


*6207-8 






5205-3 






1 


19206d 


6202 


6203-9 




5203-8 


5203-3 




68d 


4 


192l2bde 




5201-7 




6201-7 
5198-2 
5195-3 
5194-6 


5201-4 
5198-2 
5195-6 
5194-7 




4sd 


8 
6 
4 
6 


19219^^ 
19232^ 
19241<2& 
19245^ 




5194-3 




5194-0 


5194-2 




6sc 


8 


19247JA? 


5192 


*6191-9 


(6191-9) 


5191-4 


5191-8 




8sc 


10 


Id256bde 


6190 


6190-7 


(5190-7) 


5190-6 
5187-2 
5183-8 
5180-8 


5190-6 
5187-2 
5183-8 
5180-7 




4sc 


10 
4 

4n 
In 


l92G0bde 
19273A? 
19286^ 
I92d7de 


5180 






5179-4 


5179-4 




Isc 


2n 


19302^ 




5171-3 


5170-9 


5171-1 


5170-9 




4sc 


10 


l9^3Sbcde 


b3 5168 


t» / 5168-5 
15166 9 


(5168-6) 


5168-4 


5168-9 




6sc 


4r 


19342W« 


b4 6J66 


(6166-9) 


51670 


5167-1 


(6166-9) 


8sc 


10 


l934:Sbde 








6166-8 


5165-7 






3 


193BSde 








5164-8 


5165-0 






4 


19356^ 








5163-8 


5164-2 






1 


19359<20 




6161-8 


(6161-6) 


5161-6 
5159-6 
5158-3 
5156-6 
5156-0 
5154-7 
5153 7 
5152-8 
5151-5 
*5150-6 


5161-5 




4sc 


8n 

Id 

2n 

Id 

Id 

Id 

Id 

Id 

6 

6 


l936Sbde 

19376^2 

19381<;<? 

19387rf 

19389^ 

19394^ 

19398<2 

1940U 

19406^ 

19410£; 


6148 






5147-8 
5146-4 
6146-3 
5144-3 
5142-8 
5141-9 






Is 


5 
Id 

1 
3 

Id 
6 


I9425d 
19430£; 
19433£2 
19439i2 
19442^ 


■ 






5141-6 
5140-8 








4 

4 


19443<; 
19447<; 



* Observed also by Lecoq de Boisbaudran in tbe Spark Spectrum of Ferric Chloride Bolutioo. 
t b,, see Nickel ; the solar line b, is double : b^, see Magnesium ; the solar line b« is doable. 



Double. 



M See Chromium ; the solar line here is double. 
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Ibok — eoKtinued. 



I. 


Spark Spectrum 


II. Arc Spectrum 


Intensity and 
Cliaracter 


Osc. Freq. 


Hnggins 


Thal^n 


Kirchhoff 


Vogel 
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Fievez 
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Liveing 
and Dewar 


I. 
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a 


b 


e 


d 


e 
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6139 


•6138-8 


5138-8 


6138-5 
5136-3 
6135-4 






8sc 


10 
6 
1 


idibibcd 
19467 


6133 


■ 


(5133-0) 


6133-0 
6130-8 
6128-8 
6126-4 
6125-3 
6124-4 
5123-1 
5120-9 
5114-6 
5113-6 






28 


8 

4 

2 

6 

2 

8 

6 

4 

2d 

Id 


19476<f 

19484<f 

19492 

19500rf 

19505^ 

19509rf 

19514<2 

19522^ 

19546/2 

19550rf 








5109-2 








8 


19667rf 




♦61071 




6107-2 
5105-2 
51040 
5103-7 






6sc 


8 
2d 

1 
1 


19574M 
19582/2 
19587<f 
19588/1 


♦6099 






5098-2 
6096-6 
5090-3 
6087-7 
5085-7 
6083-8 
6082-8 
5080-6 
5080-2 


• 




2n 


8 
6 
6 
2 

1 
1 
8 
1 
1 


19609/2 
19615/2 
19639/2 
19649/2 
19657/2 
19665/2 
19668/2 
19677/2 
19678/2 • 








5079-4 
6078-8 
6075-7 








4 
8 
3 


19682/2 
19684/2 
19696/2 








#50740 
50720 
6071-3 
6068-2 
5066-6 




(6072) 
(6064-5) 




8r 
2n 
2n 
10 
4r 


19702/2 
19710/2 
19713/2 
19726/2 
19731/2 




*6064-5 




6064-5 
5059-2 
5067-5 






4sd 


8ii 
4n 

if 


19739J/2 

19760/2 

19767/2 








5066-5 








19771/2 








5065-8 








19773/2 








5055-3 








19775/2 


• 






5053-9 
5062-8 








2 

In 


19781/2 
19785/2 


, 






6052-2 








In 


19787^2 




60611 




60510 






8sc 


8 


19792&/2 




*6049-6 




6049-4 
60481 
6043-6 






8sc 


10 
4 
4 


19798M 

19804/2 

19821/2 




5041-3 




6041-0 






6sc 


8r 


1983U/2 




*6040-2 




60403 






6sc 


8 


IdSMhd 


\- 






6038-5 








4 


19841/2 






• 


5036-2 
5035-7 








4 
2n 


19850/2 
19862/2 



* Observed also by Lecoq de Boisbaudran in the Spark Spectrom of Ferric Chloride solution. 
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IBOK — continued. 



I. Spark Spectram 


II. Arc Spectram 


Intensit}'and 
Character 
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HugginA 


Thal^n 


Kirchhoff 


and Thal^n 
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Liveing 
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h 
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d 
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f 
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^ 






4682-7 






• 


213494 








4681-3 








2 


213554 








4680-6 








1 


213584 








4679-7 








2 


213624 








4677*9 








10 


213714 








4672*2 








6b 


213974 








4668*3 








5 


214154 








4667*2 








10 


214204 








4665 5 








10 


214274 








4664-9 








2 


214304 








4662*3 








1 


214424 








4661-2 








2b' 


214474 








4660-7 








1 


214504 








4657*5 








1 


214644 








4656-7 








1 


214684 




4653*5 




4663-7 
4650-4 
4649-2 
4646-7 
4642-7 
4640-0 
4637*3 
4636*7 
4635-0 
4633-9 
4633-0 




\ 


68C 


10 
1 
1 
8 
6 

In 
8 
8 
4 
2 
1 


2148264 

214974 

215034 

216144 

215334 

215454 

216584 

215614 

215684 

215744 

215784 




4632*1 


• 
* 


4632-1 
4629*3 
4626-6 

{4624-3 
4618*6 

{4618*1 
4614-8 
4613-3 
4612-5 






6sc 


6 
6 
1 
8 
8 
2 
1 
1 
6 


2158264 

215954 

216084 

216184 

216454 

216474 

216634 

216704 

216724 




4610-7 




4610-5 

{4607*0 

4603-7 






6sc 


8 
6 
2 


2168264 

217014 

217154 




4602-7 




4602-3 
4601-3 
t4600*2 
4597*4 
4595-3 
4594-7 






4sd 


10 
4 
1 
5 
4 
4 


2172164 

217264 

217324 

217454 

217554 

217584 




4592-0 




4591-9 
4590-1 






6sc 


8 
1 


2177064 
217794 


4582 






{4586-4 

♦4684-2 

4683-3 

{4680-8 






Is 


4 
4 
2 
6 


217964 
218074 
218124 








4579 8 
















{4579*4 













• The solar ray here is double, the less refrangible ray being due to Calcium. 

X Calcium : 4622-4, 4616-6, 46067, 4685-8, 4580-8, 4578-0. 
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IBON' -eentinued. 
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4574-2 






4 


2lB6Bd 








4572-2 








1 


21865^ 








4571-1 








1 


21870<{ 








4568-2 








4 


21884^ 








4566-3 








2 


21893^ 








4565-8 








1 


21S95d 








4565-0 








2 


21S99d 








4564-2 








2 


21903d 


' 






45607 








1 


219202 








4559*4 








2n 


21926<; 








4557-3 








1 


21936<2 








14555-4 








8 


21945ii 








4551-8 








4 


21963^ 








4550-1 








2 


21971i 








4548-9 
4647-3 
4546-3 
4544-0 
4541-8 
4538-0 
+14532*5 
4530-8 
4530-4 
4528-8 








6 

8 

1 

1 

2n 

2 

2 

1 

6 

2 


21977rf 
21984^ 
21989^; 
22000<£ 
2201 li2 
22029<2 
22056^ 
22065^ 
22067i2 
22075i2 




4528-1 




45280 
t4525-7 
14524-4 
4522-6 
45220 
4519*5 
4517-6 
4516-8 
4514*7 
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4 
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2 
2 
2 
1 
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1 


2207Sbd 

22090<{ 

22096^ 

22105^ 

22108i2 

22120^ 

22129i 

22133i2 

22USd 








4513-4 
4508-9 








4 
lb 


221502 
22172i 








4507-6 
4506-5 
4504-2 
4501-8 
4498-4 
4496-2 
*4493-8 
4492-0 
4490-2 








1 
1 
3 
2 

2n 
2n 
10 
1 
2 


221784 
221844 
221954 
222074 
222244 
222354 
222464 
222554 
222644 








4489-3 
4488-8 
4488-3 
4487-5 
4484-8 
4483-5 
4482-0 
♦4481-6 








4 
5 
2 
2 
4 
3 
1 
10 


222694 
222714 
222744 
222784 
222914 
222984 
223054 
223074 



^Iso hj Lecoq de Bobbandran in the Spark Spectmm of Ferric Cbloride solatioD. 
"If hare i^ donbl^ the less refrangible ray being due to Calcium. 
»*>, 45H'^i634-), 4532H), 4520*3. I! Barium : 4553*4, 4524-<. 
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IBON — continued. 



I. Spark Spectrum 


II. Are Spectrum 
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4682-7 








21349^ 








4681-3 








2 


21356^ 








4680-6 








1 


21358i 








4679-7 








2 


21362<; 








4677-9 








10 


21371^ 








4672-2 








6b 


21397rf 








4668-3 








6 


21416^ 








4667-2 








10 


21420^ 








4665 5 








10 


21427^ 








4664-9 








2 


21430^ 








4662-3 








1 


21442<f 








4661-2 








2b' 


21447i 








4660-7 








1 


21450^ 








4657-5 








1 


21464^2 








4656-7 








1 


21468^ 




4663-5 




4653-7 
4650-4 
4649-2 
4646-7 
4642-7 
46400 
4637-3 
4636-7 
46350 
4633-9 
4633-0 
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6sc 


10 
1 
1 
8 
6 

In 
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8 
4 
2 
1 


214826^ 

21497^ 

21503^ 

21514^2 

21533^ 

21546^ 

21558<l 

21561^ 

21668^ 

21574rf 

21578rf 




46321 




4632-1 
4629-3 
4626-6 

{4624-3 
4618-6 

{4618-1 
4614-8 
4613-3 
4612-5 
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6 
6 
1 
8 
8 
2 
1 
1 
6 


215826^ 

21695^ 

216084 

21618<l 

216454 

216474 

216634 

216704 

216724 




4610-7 




4610-5 

{46070 

4603-7 






6sc 


8 
6 
2 


21682^4 

217014 

217154 




4602-7 




4602-3 
4601-3 
t4600-2 
4597-4 
4595-3 
4594-7 






4sd 


10 
4 
1 
5 
4 
4 


21721W 

217264 

217324 

217454 

217554 

217584 




45920 




4691-9 
4590-1 






6sc 


8 

1 


2177064 
217794 


4582 






{4586-4 
♦4584-2 

4683-3 
{4580-8 

4579 8 
{4579-4 






Is 


4 
4 
2 
6 
2 
1 


217964 
218074 
218124 
218244 
218284 
218304 



• The BOlar ray here is double, the less refrangible ray being due to Calcium. t Barium : 4599*1 

X Calcium : 4622-4, 4616-6, 46067, 4685-3, 4580-8, 4678-0. 
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and Tbal^n 


Cornu 


LiTeing 
andDewftr 


I. 


II. 




a 


b 


e 


d 


e 


/ 














4574-2 






4 


2186&i 








4572-2 








1 


21865^ 








45711 








1 


2mod 








4568-2 








4 


21884^ 








4566-3 








2 


21893^ 








4565-8 








1 


21895^ 








4565-0 








2 


21899^ 








4664-2 








2 


21903^ 








45607 
4559*4 
4557-3 
114555-4 
4561-8 
4550-1 








1 

2n 

1 

8 

4 

2 


219202 
21926^2 
21936^ 
21945i< 
21963^ 
21971i 








4548-9 
4547-3 
4546-3 
4544-0 
4641-8 
4538-0 
++4532*5 
4530-8 
4530-4 
4528-8 








6 

8 

1 

1 

2n 

2 

2 

1 

6 

2 


21977^2 
21984^ 
21989^ 
22000<2 
220lld 
22029^ 
22056i 
22066i 
22067i 
22075<2 




4528*1 




45280 
t4525-7 
14524-4 
4522-6 
45220 
4519*5 
4517-6 
4516-8 
4514-7 






6sc 


10 
4 
8 
2 
2 
2 
1 
4 
1 


22078^^ 

22090*1 

32096^ 

22105^ 

22108i 

221202 

22129^ 

22133^ 

22143<2 


■ 






4513-4 
4608-9 
4507-6 
4506-5 
4504-2 








4 

lb 

1 

1 

3 


22150<2 
22172i 
22178i2 
22184^ 
22ld5d 








4501-8 
4498-4 
4496-2 
*4493-8 
4492-0 








2 

2n 
2n 
10 

1 


22207^ 
22224^ 
22235i 
22246^ 
22255^ 








4490-2 
4489-3 
4488-8 
4488-3 
4487-5 
4484-8 
4483-5 


• 






2 
4 
6 
2 
2 
4 
3 


22264^ 
22269^ 
22271<2 
22274/2 
22278<2 
22291^2 
22298^ 








4482-0 


1 




1 


22305rf 


1 






*4481-6 




1 




10 


22307^ 



* Obsenred also by Lecoq de Bolsbandran in the Spark Spectmm of ferric C\ilot\dA ^^oXVca.* 

t Tbe 9o1ar ray here if doubly the less refrangible ray being due to C«\c\vxm. 

t Calcium; 4S35'3, 4SH%46S4'1, 4532% 4620-3. \\ Barium; 455^-4, AS^V^. 







laOK— (wirtnwrf. J 




1. Spark Sreclrum 


11. Arc Spectnun 


^■sr-sr 


a 


Huggms 


ThaUn 


Klrchhoff 


.J&. 


Corau 


Livoing 


I_ 


II. 




" 


i 


« 


d 


' 


I 






21; 

SI 








4«S2'7 








4 










4681-3 








S 










46HU-6 








1 


21 
il 










46711-7 








2 










*t;77-9 








10 










4672-2 
4G11H-3 








6b 
5 


2i 










4607-2 
4Ee5 5 








10 
10 


21 
31 










4ti61-9 








2 


21 










46G2'3 










21 










4661-2 








2b' 


21 










4800-7 








1 


21 










4657-5 








1 


21 










4fifie-7 








1 


2t 






*R53-G 




4e63-7 
16501 






6ao 


10 

1 


81 
21 
21 










4e4S'2 








I 










4646-7 










SI 










4642-7 








6 


21 










46100 








In 










4637-3 








8 


21 










4636-7 








8 


21 










4635-0 








1 


21 










1633-3 








2 


21 










4633-0 










21 






1C321 




1G33-1 
1629-3 
1626-6 

tl621-3 
161S-6 

(4618-1 
46UH 
4613-3 
4613-5 






6sc 


6 

fi 

1 

2 

1 
1 

e 


ai 
21 

21( 

aU 

8U 
211 
211 
2U 
2M 






4610-7 




1610-5 
14607-0 
4603-7 








8 
6 


ail 
2i: 


i 




4G02-7 




4603-3 
4601-3 
t46O0-3 
159T-4 
45i)5-3 
4SM-7 






Isd 


10 
4 

5 
4 


an 

21{ 
21' 

sr 

21! 


\ 




.15!I2-(I 




1691-9 
45H0-1 






6sc 


8 


2i; 

21' 


[ 


4GB2 






tl596-l 
•4581-2 

4683-3 
tlS80-8 

1579 8 








4 
2 
2 


21' 
211 
21 
311 


m^ 






J4579-4 1 




' 1 


31 


^^^^K Xbe iDlar fbj bere t" douhle, the ma refnnglble ny beldff dae to Caleium. f Bwlaia : 4 
^^^■1 : Calcium : 1813-4, 4S1S'«, 48067, 46868, 4i§D'B, 4!^78«. '^ 
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Iron- -continued. 



L Spark Spectrum 


II. Arc Spectnun 


Intensity and 
Character 


1 


Hnggins 


Thal^n 


Kirchboff 


Voeel 
and Thal^n 


Coma 


LiTeing 
and Dewar 


I. 


II. 


Obc. Freq. 


a 


b 


e 


d 


€ 


/ 














4574-2 






4 


218664 








4572-2 








1 


218654 








45711 








1 


218704 








4568-2 








4 


218844 








4566-3 
4565-8 
4565-0 
4564-2 
45607 
4559-4 
4557-3 
14555-4 
4551-8 
4550-1 








2 

1 

2 

2 

1 

2n 

1 

8 

4 

2 


218934 
218954 
218994 
219034 
219204 
219264 
219364 
219454 
219634 
219714 








4548-9 
4647-3 
4646-3 
4544-0 








6 

8 
1 
1 


219774 
219844 
219894 
220004 








4541-8 
4538-0 
+14532-5 
4530-8 
4630-4 
4528-8 








2n 

2 

2 

1 

6 

2 


220114 
220294 
220564 
220654 
220674 
220754 




4528-1 




45280 
t4526-7 
14624-4 
4522-6 
45220 
4519-5 
4517-6 
4516-8 
4514-7 
4513-4 
4508-9 






6sc 


10 
4 
8 
2 
2 
2 
1 
4 
1 
4 
lb 


22078^4 

220904 

320964 

221054 

221084 

221204 

221294 

221334 

221434 

221504 

221724 








4507-6 
4506-5 
4504-2 
4501-8 
4498-4 
4496-2 
»4493-8 
44920 
4490-2 
4489-3 
4488-8 
4488-3 
4487-5 
4484-8 
4483-5 
4482-0 








1 
1 
3 
2 
2n 
2n 
10 
1 
2 
4 
6 
2 
2 
4 
3 
1 


221784 
221844 
221954 
222074 
222244 
222354 
222464 
222554 
222644 
222694 
222714 
222744 
222784 
222914 
222984 
223054 


1 






♦4481-6 








10 


223074 



* Obserred also 1^ Leeoq de Bolabaadnui f n the Spark 8p«ctnim of Ferric Cblorfda fOlatioii. 

t The solar ray here k doable, the less refrangible ray beiiuf doe to Calcium. 

X Calcinm: 4535*3, 4534-9,4534'], 4532^, 4530-3. . Barium : 4553-4, 4524'4. 
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IBON — continued. 



I. Spark Spectram 


II. Arc Spectram 


Intensity and 
Character 


Osc. Freq. 


Haggins 


Thal^n 


Kirchboff 


Voeel 
and iW^n 


Coma 


Liveing 
and Dewar 


I. 


II. 


a 


b 


e 


d 


e 


/ 




* 










4481-0 






' 


1 


22310<2 








4479-4 








3 


22318<f 


■ 






4478-8 








3 


22321^ 








4476-4 








10 


22338^ 








4468-7 








8 


22%70d 








44660 








8 


22Z%^d 








4461-2 








8 


22409<^ 








♦4468-6 








3 


22422i 








+4465-7 
4453-8 
4452-8 
4449-8 

♦4447-2 
4446-3 
4446-0 
4442-7 
4441-7 
4440-3 








3 
6 
1 
3 

10 
2n 
1 
8 
10 

IS' 


22437i 
22i4Ad 
22451<f 
22466^ 
22479^ 
22484^ 
2^idld 
22602^ 
22507^ 
32514<; 








4439-9 








225l6d 








4439-3 








2 


225l9d 








4437-8 








2 


22527<^ 








44363 








2 


22535^ 








4433-2 








4 


22550^ 








4432-6 








6 


22553^2 








4432-0 








4 


22557d 








4430-2 








6 


22566<l 








44296 








2 


22569i 








4426-7 
4423-3 
4422-5 
4421-8 








8 

In 
1 
8 


226Sid 
22601rf 
22605^2 
22609<; 




*4414-8 


4414-6 


114414-3 
4407*8 




(4414-8) 
4407-7 


lOsc 


lOr 
6 
6 


2264:5bcd 

226804/" 

226SZd 






Hartley 


4407-2 










and 


















Adeney 














4406 


*4404-3 


14403-7 


4404-3 
4400-7 
4394-5 
4392-2 
4390-5 
4330-2 
4388-8 
43879 
4387-4 
4384-9 
4384-3 




(4404-3) 


Bsc 


lOr 
6 

2d 
lb 
4 
1 
2 
5 
4 
1 
1 


22e9dbed 

22717^ 

227^9d 

2276dd 

22770<? 

22771ii 

22779rf 

227SBd 

22786^ 

22799<^ 

22801i2 


4380 


*4382-9 


§4382-6 


43830 
4376-9 
4376-4 
4376-6 




(4382-9) 
4379-1 


8sc 


12r 

1 
1 
6 


22S10bod 
22S29df 
22843 
22847<2 



* Obserred aisc by Lecoq de Boisbeudran in the Spark Spectram of Ferric Chloride solution, 
t See Caloium. ♦ (4404-8)— Kirchhoff. $ (4382*9)— Kirchhoff ; see GUoiiim. 



Less refrangible than the Wnganese line 4414*3. 
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Imov—eotMniutd. 



I. 


Spark Spectrnm 


II. Arc Spectrum 


Intensity and 
Character 


Osc Freq. 


Hoggins 


Thal^n 


Hartley 
andAdeney 


VoRel 
and Thal^n 


Coma 


Liveing 
and Dewar 


I. 


II. 


a 


b 


e 


d 


e 


f 














4374-2 
4373-3 
4372 4 
4369-3 
4367-6 
4367-2 
4365-5 
4362-5 
4360-5 
43581 
4352-3 








1 

3 

1 

6 

2 

6 

2 

lb 

2 

6 

8 


228544 
228594 
228644 
228804 
228894 
228914 
229004 
229164 
229264 
229394 
229694 


■^ 


4343*1 




4351-0 
4348-6 
4347-4 
4346-2 
4344-2 
4343-3 
4342-7 
4340-0 








4 
2 
2 
4 

1 
2 
2 
lb 


229824 

229894 

229954 

230024 

230124 

23018^4 

230204 

230354 






43380 


4337-8 
4336-6 
4332-0 
4330-6 
4327-3 
4326-6 
4326-3 






4sd 


3 

10 
1 
2 
2 
4 
1 


230464 
230534 
230774 
230854 
231024 
231064 
231074 


4324 


♦4325-2 


t4325-0 


§4325-3 

114321-4 

4320-2 




(4325-2) 


Ssc 


lOr 
4 
lb 


2ZlUbod 

231344 

231404 




4314-6 




4314-6 
4310-0 
4309-2 




(4314-6) 


6sd 


lOr 
1 

4 


23170J4 

231954 

231994 


G4307 


♦4307-2 


14307-1 


4307-3 




(4307-2) 


8sc 


lOr 


n2l0bcd 


4303 






4304-7 
43040 
4301-7 






38 


5 
2 
4 


232234 
232274 
232404 


4300 


4298-5 


J^ 4298-3 
1 4293-3 


4298-8 






3s 


10 


2^2bncd 






4297-6 








4 


232624 


4294 


4293-9 


4293-7 






3sd 


8 


23283^04 








4291-7 








2 


232944 








4291-2 








3 


232964 








4290-5 








1 


233004 








4289-9 








2 


233044 








4288-7 








1 


233104 








4287-7 








2 


233154 








4286-7 








2 


233214 




4286-0 




4286-2 
4285-2 






4sd 


1 

4 


2332464 
233294 






4281-7 


4282-1 
42800 
4279-4 






2sd 


8 
1 
2 


23347^^ 

233574 

233614 



• Observed also by Lecoq de Boisbaudran in the Spark Speotrom of Ferric Chloride solution, 
t 4825-6— Kirchhoff. J 4306-9— Kirchhoflf. § Possibly not due to Iron, 

D Calcium : 4318-2, 4307-2, 4305-4, 4302-1, 4298-6, 4289-0, 4282-7. 
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taoii—eoi»ti»MM(. 



I. Sptrk Spectram 


II. Are Spectrum 


Intensityand 
Character 




Huggina 


Thal^n 


Hartley Vogel 
and Adeney and Thal^n 


Corna 


Mveing 
and Dewai 


I. 


II. 


Osc. Freq. 




b 


e 


d 


e 


f 




1 










4279-2 






23362/2 








4277-9 








2 


23369<f 








4277-3 








In 


23372/2 








4276-4 








2 


23377/2 








4276-3 








1 


23381/2 








4273-7 








2 


23392/2 


4272 


*4271-3 


4271-0 


/4271-6 
142710 
4268-6 
4267-6 
4266-7 
4265-2 
42641 




(4271-6) 
(4270-9) 


880 


10 
10 
3 
5 
3 
1 
1 


23403/2 
23406/2 
23420/2 
23425/2 
23430/2 
23438/2 
23446/2 


4259 

1 


*4260-0 


4269-9 


4260-2 
4258-4 
4268-0 
4265-3 
4254-6 
4253-6 






78C 


10 
1 
2 

Id 
Id 
1 


23467^/2 

23476/2 

23478/2 

23493/2 

23497/2 

23602/2 




*4250-6 




4250-5 






lOsc 


10 


23619&/2 




4249-8 


4249-8 


4249-8 
4247-9 






8sc 


10 
3 


23623^/2 
23534/2 




•6 4247 




4247-1 
4245-7 
42449 
4243-4 
4243-0 
4242-3 
4240-7 
t4239-4 
4238-5 
4237-7 
4236-8 






4sd 


8n 

3 

6 

1 

1 

3 

1 

4 

6 

4 

2 


235386/2 

23546/2 

23550/2 

23659/2 

23561/2 

23665/2 

23574/2 

23581/2 

23686/2 

23590/2 

23695<2 




*4235-5 




42356 






6sd 


8 


23602^ 




42330 


1 


42333 
4229-0 






68d 


8 
2 


23619^ 
23639/2 




t»42268 




4227-0 
4225-9 
4225-5 
4225-0 
4224-1 
4223-7 






2sd 


10 

1 
2 
4 
1 
4 


23650M 

23666/2 

23669/2 

23661/2 

23666/^ 

23669/2 




4221-7 




4221-8 
4219-8 






2sd 


6 
3 


236806/2 
23690/2 




4218-3 




4218-8 

4217-2 

t4216-7 

4213-2 






2sd 


6 
6 
6 
4 


237016/2 
23705/2 
23714rf 
23728/2 




4209-9 




4209-8 
4208-2 
4206-7 
4206-3 






2sd 


8 
5 
4 
3 


23747M 
23766/2 
23764/2 
23767/2 



♦ Observed also by Lecoq de Boisb.iU(lran in the Spark Spectrum of Ferric Chloride solation. 
t See Calcium. * Possibly due to M^mgamese. 
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Ibok — eontinMed, 



I. SpariL Spectrum 


II. Arc Spectram 


Intensity and 
Character 


Osc. Freq. 


HugginB 


ThaMn 


Hartiej 
and Adeney 


Voed 
and Thal^n 


Co-- „^*^& 


L 


II. 


a 


h 


e 


d 


e 


/ 














4205-0 








2 


23774i 








4203-5 








5 


23782<f 


4201 


♦4201-8 


4201-4 


t420I-6 
4200-3 






6sc 


10 
2 


23794^0^ 
23800^ 


4199 


♦41980 


4198-4 


/ 4198-7 

\4197 7 

4195-7 

4196*3 






3sc 
lOsc 


10 X 

10/ 
4 
6 


23814»c^ 

23827rf 
23829^ 




4191-2 




4190-9 






Sao 


10 


2UbUd 




/ 4187-2 
\ 4186-7 




/4187-3 
\ 4186-6 






lOsc 


10 


2U7bbd 










lOsc 


10 


23878W 








4184-4 








6 


23891<2 




4181-3 




4181-8 
4181-3 








3 
8 


23907W 
23909^ 




4177-0 




4177-2 
41760 
4176-2 
4174-3 
4173-4 
4172-8 
4172-2 
4171-5 
4170-4 
4168-4 
4167-3 
4164-8 
4163-0 
4160-9 
4158-2 
4157-2 
4156-2 
4154-2 








4 

4n 

6 

4 

1 

2 

3 

4 

4 

lb 

2 

lb 

lb 

1 

4 

6 

6 

4 


23933»(2 

23940<2 

23944i 

23949i 

23954i2 

23958^ 

2396U 

23965^ 

23972<i 

23983 

23989^ 

24004 

24014^ 

24026 

24042^2 

24048^ 

24054i 

24065i 




*4153-8 




4153-8 
4153*2 






6sd 


6 
6 


24067W 
24071^ 


4151 


4151-5 




4151-4 
4149-7 






48d 


2n 

1 


24080»(2 
24091^ 




4148-6 




4148*6 
41470 
4146-4 






4sd 


2 

4 

1 


240986^ 

24107rf 

24116^ 


4142 


*4143-1 


41430 


4143-2 
4142-7 
4142-2 
4139-2 
4136-3 






68C 


10 
10 

1 

lb 

6 


2ilZ0bcd 

24132<; 

24141i 

24152^2 

24169^ 




*4133-9 




4134-0 
4133-2 
4132-2 






8sc 


6 
1 

4 


241836^ 

2^l%ld 

24193^ 


4131 


4131-6 




4131-3 
4126-9 
4125*5 
4123-2 
4121-8 






lOsc 


10 
6 

4b' 
2 
2 


24198&i 

24224^ 

24233£? 

24246<« 

24254^ 



« Observed also in the Spark Spectmm of Ferric Chloride solation by Lecoq de Boisbaudran, who gives 
also lines at 6095, 6046, 5980, 6936, 6865, and 5829. t Possibly due to Maugancse. 



80 



IBOH — eoHtiiuied. 



I. Spark Spectnim 


II. Arc Spectrum 


Intensityand 
Character 


Osc. Freq. 


Huggins 


Thal^n 


Hartley 
and Adeney 


Vogel 
and Thal^n 


Coma 


Liveing 
and Dewar 


I. 


II. 


a 


b 


e 


d 


6 


/ 




4 










4121-1 








2^258d 








4119-5 








4 


2^2eSd 




4117-8 




4117-8 
4113-7 
41123 
4109-2 
4106-8 
4106-7 
4103-6 
41C0-2 
4097-6 
4095-6 
4086-5 
4084-7 
4084*4 
4083-9 
4079-7 
4079-3 
4077-8 
40760 
4074-2 
40731 






8sc 


8 
4 
3 
6 
6 
1 
3 
4 
6 
5 
2 
4 
4 
6 
2 
2 
2 
6 
3 
3 


24278<f 

24302^ 

24310<f 

24327<2 

24343d 

24349<; 

24He2d 

24382£; 

24md 

24409if 

24464^ 

24474»^ 

2U76d 

2U79d 

24604^ 

24507d 

245l6d 

24527d 

24536<2 

24544c; 


4074 


♦4071-0 


4071-6 


4071-0 
4069-7 
4067-3 
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-!27r.5u 


2962-9 


2953B 


7sc 




3;iW50u4 


3048-e 




Isd 




J2792a 




2950-5 


63d 




338 S 2* 


s 3046-9 


3046-6 


68C 




32H13aJ 


2948-4 


2y47-8t 


7so 




;::i9iOa4 


3044-2 




2Bd 




S2M0a 


O 2946-9 








33924a 


(3041-6 
J 3040-8 


3041 -6 
3040-7 


2iic 




S2b69a» 
32876aft 












' 


Liveing 


Liveing 








{3040-0 


3040-3 
3039-2 


2QC 




J3M84aA 
338944 


and Dewor 


ind Dewar 
2U44-6 




1 


33960S 


3036-4 


3036-2 


6sc 




32926a* 


2944-0 


29440 


S 


1 


339S7a4 


3032-8 




Isd 




32963a 




2943-1 




Jr 


339674 


(3030-0 


3029-8 


3bc 




129960* 




2940-8 




8 


339944 


13028-8 


3028-7 


3bc 




33lX)7oS 








1 


340044 


3024-8 


f 3026-3 
\ 3034-6 


6bo 




330454 


2938-7 


2938-7 


I 


4r 


3101Sa4 






330526 




2937-3 




2 


34034* 


3022'S 


3022-7 


3ac 




SSOliab 


2936-4 


2936-4 


2 


lOr 


a4046a4 


-, f 3030-1 
^ 13018-1 


J 3019-9 


7bc 




iSlOaab 


2932-4 


2932-4 




2 


31091a4 


i 3019-4 


2sc 




3117ai 


2931-1 




1 




34106a 




3017-7 






31284 


2928-3 


3928-3 


4 


lOr 


34]39a6 


30t6-9 


3016-5 


2bc 




3139a4 


29260 


2926-0 


8 


1 


3416Sa* 


3016-2 


30150 


2sc 




3157a4 




2935-2 






341754 


,3012-4 




3fid 




31860 




2924-7 






341814 


13010-9 




2sd 




;i203^i 




2933-3 




1 


342004 




3008-4 






32304 


2922-8 


2922-8 






342()3a4 


3007-9 


3007-3 


33C 


r 3:i3:i9ai| 


2921-5 




: 




34219a 


3006-8 




3SU 


33218a 




29200 




1 


312364 


3006-2 


3006-3 


Slid 


r 33255a* 1 


2917-4 


2917-4 




S 


34267a4 


•UTalnguidD 


iw«. tS 


ir-1-1 


Jv6ln 


ai.dD.w 


J M8MU-, 


Cotnu. t r 


Totob 


ya^ 


loCuboD. 



92 



IBOX — continued. 



I. Spark 


II. Arc 


Intensity 




I. Spark 


IL Arc 


Intensity 




Spectrum 


Spectrum 


and Character 


0»c. 
Freq. 


Spectrum 


Spectrum 


and Character 


One. 
Frcq. 


Liveing 


Liveing 


I. 


11. 


Liveing 


Liveing 


L 


IL 


and Dewar 
2374-9 


and Dewar 




and Dewar 


and Dewar 




2374-9 


10 


8 


42093 




2334-6 




1 


42823 


, 


23741 




1 


42107 




2334-2 


1 




42829 


2373-4 


2373-4 


10 


8 


42120 




2333-1 




1 


42849 


2373-3 




4 




42121 


2332-6 


2332-5 


10 


8 


42860 




2372-7 




1 


42132 


2330-9 


2330-9 


10 


8 


42889 


2872*3 




4 




42139 




2329-3 


• 


1 


42919 




23711 




4 


42160 


2326-9 


2326-9 


10 


8 


42963 


2870- 1 


2370-1 


4 


4 


42178 




2319-9 




6 


43092 


2369-6 




2 




42187 




2319-6 




1 


43098 




2369-1 




4 


42211 




2319-2 




2 


43106 


2368-2 


2368-2 


10 


8 


42194 




2317-7 




1 


43133 


2366-2 


2366-2 


6 


6 


42248 




2317-6 




2 


43138 


2365-3 




2 




42264 




2316-7 




1 


43162 




2366-1 




1 


42267 




2313-6 




1 


43212 


2364-4 


2364-4 


10 


8 


42280 




2312-7 




8 


43227 


2363-6 




6 




42296 




2312-0 




1 


43240 


2363-3 




6 




42299 




2311-6 




1 


43249 


2362-9 




1 




42306 




2311-0 




2 


43258 


2361-6 


2361-6 


•6 


4 


42330 




23106 




1 


43268 


2361-3 




1 




42337 




2309-3 




1 


43290 




2360-3 




1 


42366 




2308-6 




8 


43306 


2369-9 


2359-9 


10 


8 


42362 




2306-0 




4 


43352 


2369-7 


2369-7 


10 


8 


42366 




2306-8 




2 


43360 


2359-2 


2369-2 


1 


1 


42375 




2304-4 




2 


43382 


2358-7 


2358-7 


10 


10 


42384 




2303-4 




6 


43401 


2366-7 




4 




42420 




2303-2 




6 


43406 




2355-6 




1 


42440 




2301-4 




6 


43439 


2355-1 


2356-J 


2 


1 


42448 




23010 




4 


43446 


2354-8 




2 




42454 




2300-4 




2 


43468 


236^6 


2354-6 


6 


6 


42458 




23000 




6 


43465 


2364-1 


2364-1 


6 


I 


42467 




2299-2 




1 


43480 


2363-3 




2 




42481 




2299-0 




6 


43484 


23621 




1 




42503 




2298-6 




4 


43492 


2351-6 


2361-5 


1 


1 


42514 




2298-0 




6 


43503 


2350-9 


23609 


8 


1 


42524 




♦2297-6 




6 


43607 


2349-9 


2349-9 


1 


1 


42642 




2296-8 




6 


43526 




2349-5 




1 


42550 




2294-2 




6 


43576 


23490 




1 




42659 




2293-6 




6 


43586 


23480 


23480 


10 


10 


42677 




2292-3 




6 


43611 


2347-8 


2347-8 


10 


10 


42581 




2291-4 




1 


43628 


2346-4 




1 




42606 




2290-9 




4 


43638 


2346-9 


2345-9 


1 


1 


42616 




2290-6 




1 


43644 


2344-9 




6 




42633 




2290-3 




4 


43649 




2344-7 




4 


42637 




2289-9 




2 


43668 


2343-9 


2343-9 


6 


4 


42661 




2288-8 




6 


43678 


2343-6 


2343-6 


2 


1 


42667 




2287-9 




1 


43695 


2343-1 


23431 


10 


10 


42666 




2287-4 




6 


43704 


2341-8 




1 




42690 




22871 




6 


43710 


2341-6 




1 




42693 




22840 


■ 


6 


43769 




2341-2 




1 


42701 




2283-6 




4 


43777 


2340-0 


23400 


1 


2 


42722 




2283-2 




2 


43785 




2339-3 




6 


42736 




22830 




2 


43789 


2339-0 


23390 


1 


8 


42741 




2282-8 


' 


1 


43792 


2337-7 


2337-7 


10 


8 


42764 




2281-8 




1 


43812 
43846/ 




2S34-8 




1 


42817 




2280 




4 



* Probably due to Silicon. 



93 



IBON —eimtiiuui. 



Arc 






Arc 






Arc 






Spectrum 


Intensity 

and 
Character 


Osc 
Freq. 


Spectram 


Intensity 

and 
Character 


Osc 
Freq 


Spectrum 


Intensity 

and 
Character 


Osc 
Freq. 


Liveing 


Liveinfs: 


Liveing 


and Dewar 






and Dewar 


i 


44187 


: and Dewar 






2270-7 


6 


43850 


2262-4 


1 


2225-2 


4 


44926 


2277-6 


4 


43892 


2260-7 


2 


44220 


2216-2 


6 


45108 


2276-9 


4 


43906 


2260-4 


2 


44226 


: 2214-1 




45151 


2275-7 


4 


43929 


2259-8 




44238 


1 2211-4 




45206 


2276-2 


1 


43939 


2259-2 




44250 


1 2210-4 




45226 


2274-9 


4 


43966 


2255-4 




44324 


2207-5 




45286 


22t3-8 


4 


43966 


2252-8 




44375 


2200-2 




45436 


2272-6 


4 


43991 


2251-6 




44399 


22000 




45440 


2271-8 


4 


44004 


22512 




44407 


2199-3 




45455 


2271-6 


4 


44010 


2250-6 




44419 


2195-5 




46533 


2270-6 


4 


44030 


2250-5 




44421 


21913 




45620 


2268-8 


1 


44063 


2248-8 




44454 


2186-8 




45718 


2267-2 


6 


44094 


2248-5 




44460 


21861 


1 • 


46729 


2266-8 


2 


44101 


2245-3 




44524 


2183-7 




45779 


2266-6 


1 


44106 


2243-9 




44551 


2181-5 




45825 


2266-7 


1 


44127 


2242-2 




44585 


2178-0 




45899 


2264-7 


2 


44145 


2240-2 




44625 


21770 




45920 


2264-2 


2 


44152 


2230-9 




44811 


2173-4 




45996 


2263*2 


1 


44172 


2229-7 


6 


44835 


2171-7 




46032 


2262-8 


1 


44179 


2227-3 


6 


44883 


2167-4 




46123 



Lanthanum. 

Kirchhoff, * Berlin Akad.* 1861. 

Bunsen, » Pogg. Ann/ civ. 366 ; • Phil. Mag.' (4) 1. 367. 

Thal6n, * Kongl. Svenska Yetenskaps-Akademiens Handl.* xii. No. 4. 1874. 



Spark Spectrum 


Intensity 


Osc. 


Spark Spectrum 


Intensity 


Osc. 






and 






and 


Thal^n 
a 


Kirchhoff 
b 


Character 


Freq. 


ThaWn 
a 


Kirchhoff 
b 


Character 


Freq. 


6466-0 




4 


15485a 


59730 




6 


16737a 


64100 




4 


I5596<» 


5929-0 




8 


16861a 


6392-5 




8 


15639a 


68730 




1 


17022a 


63890 




2 


15647a 


§5867-0 




1 


17040a 


63260 




2 


15806a 


5862-5 


6860-6 La. Di. 


4 


17052a 


6318-0 




2 


15823a 


5855-0 




2 


17074a 


63100 




2 


15843a 


58510 




1 


17086a 


6291-0 


6293-7 La. Di. 


4 


15883a 


5847-6 




2 


17096a 


6264-0 




2 


15960a 


58280 




1 


17163a 


6261-6 




4 


16968a 


6821-5 




1 


17173a 


62490 




8 


15998a ! 


5820-0 




4 


17177a 


6187-0 




2 


16158a j 


6807-0 


6806-2 La. Di. 


1 


17216a 


§61320 




2 


16303a , 


5804-5 


6805-1 La. Di. 


6 


17223a 


6128-0 




2 


16314a 


5794-0 


5795-9 La. Di. 


6 


17254a 


61240 




4 


16324a 


5790-5 


5790-0 La. Di. 


6 


17265a 


61110 




1 


16359a 


5787-0 


6786-1 La. Di 


6 


17275a 


♦6107-0 




4 


16370a 


5769-0 


5767-7 La. Di 


8 


17329a 


6099-0 




2 


16391a 


5761-0 




4 


17353a 


60060 




4 


16645a 


57430 




4 


17407a 



94 



IiAMTHANUif — eontinued. 



Spark Spectrum 


Intensity 

and 
Character 


t 

Osc. 
Freq. 


Spark Spectrum 


Intensity 

and 
Character 


Osc. 
Freq. 


Thalfe'n 
a 


Kirchhoff 
6 


Thal^n 
a 


Kirchhoff 
6 


67400 




4 


17416a 


5113-5 


5113-8 La. Di. 


6 


19550a 


57340 




2 


17435a 


5096-5 




4 


19616a 


5718-6 




2 


17451a 


5066-5 




In 


19732a 


6702-6 




I 


17631a 


5061-5 




In 


19751a 


6678-0 




6 


17622a 


5055-5 




2 


19776a 


6656-5 




4 


17673a 


5049-8 




2 


19797a 


6646-5 




2 


1770oa 


4998-5 


4999-8 La. Di. 


6 


20000a 


t56310 




6 


17747a 


4990-5 


4994-2 La. Di. 


2 


20032a 


56020 




1 


17845a 


4985-5 




2 


20062a 


6599-0 




1 


178o6a 


4969-0 


4969-6 La. Di. 


4 


20119a 


6587-0 




6 


17893a 


4951-5 




2 


20190a 


5667-6 




4 


17956a 


49490 




4 


20200a 


5664-6 




4 


17966a 


4945-0 




1 


20216a 


6549-5 




4 


18014a 


4934-0 


4933-9 La. Di. 


4 


20261a 


6634-0 




3 


18065a 


4920-8 


4921-5 La. Di. 


10 


20316a 


6516-0 




6 


18124a 


49200 


4920-7 La. Di. 


10 


20319a 


6613-5 




1 


18L32a 


4899-0 


4899-1 La. Di. 


10 


20406a 


6505-0 




2 


18160a 


48780 




1 


20494a 


66020 


5601-9 T.a. Di. 


2 


18170a 


4860-0 


4860-2 La. Di. 


8 


20670a 


6600-5 


5500-6 T.a. Di. 


8 


18175a 


4849-0 




6 


20616a 


6493-0 




1 


18200a 


4842-0 




2 


20647a 


5491-0 




1 


182()6a 


4838-5 




2 


20661a 


64820 


5484-1 La. Di. 


1 


18236a 


4823-5 


4822-7 La. Di. 


10 


20726a 


6479-5 




1 


18245a 


48080 


4809-6 


8 


20792a 


54750 




1 


18259a 


48030 




8 


20814a 


5463-5 




1 


18298a 


4799-5 




1 


20829a 


54580 




1 


18316a 


47960 




1 


20846a 


5454-6 


6462-6 La. Di. 


8 


18328a 


4759-5 




1 


21004a 


5381-0 


} 5380-6 \ 


8 


18578a 


4757-0 




1 


21016a 


5380-3 


8 


18581a 


4747-5 


4746-5 loL. Di. 


8 


21057a 


5375-5 


5376-1 


8 


18597a 


4741-5 


4741-0 La. Di. 


8 


21084a 


6339-6 


63401 


8 


18723a 


4738-5 


4740-0 La. Di. 


8 


21097a 


5302-5 




8 


18726a 


4727-5 




6 


21147a 


5301-8 
53010 


} 6301-3 La. Di. 


8 
8 


18856a 
18859a 


4719-0 
4716-0 




6 
2' 


21188a 
21198a 


5279-5 




2 


18935a 


II§4715-0 




4 


21203a 


§5276-0 




2 


18948a 


47020 




8 


21261a 


6270-5 




4 


18968a 


46990 




2 


21275a 


5259-0 




2' 


19009a 


4691-5 




8 


21309a 


5252-5 




4 


19033a 


46900 




2 


21316a 


52340 




4 


19100a 


46870 




2 


21329a 


5226-0 




1 


19133a 


4670-5 




8 


21405a 


5211-0 




4 


19185a 


4668-0 




8 


21416a 


§5203-6 


6203-6 


4 


19212a 


4662-5 




8 


21441a 


V 


5191-8 La. Di. 




19255 J 


46610 




8 


21448a 




6190-7 Tia. Di. 




19260& 


4654-5 




10 


21478a 


5187-6 


51880 


8 


19272a 


4619-0 




8 


21643a 


6182-6 


6182-5 


10 


19290a 


4612-5 




8 


21674a 


5176-6 




6 


19316a 


46050 




6 


21709a 


5166-5 




In 


19350a 


4579 5 




8 


21830a 


6162-5 






19365a 


4573 5 




8 


21858a 


6158-6 






19380a 


4569-5 




6 


21878a 


5157-0 






19385a 


4567-5 




6 


21887a 


5156-0 






19389a 


4557-5 




10 


21935a 


51440 


■ 


2 


19434a 


4548-5 




2 


21979a 


51220 


5122-2 La. Di. 


6 


19r)18a 


4541-5 




1 


22012a 
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LASTHAHVU—eontimied. 



1 


Spark Spectrum 


Intensity 

and 
Character 


Osc. 
Freq. 


Si)ark Spectrum 


Intensity 

and 
Character 


Osc. 
Freq. 


\ 


Thal^n 


KirchhoflF 


Thai^n 


Kirchhoff 




4525-5 




8 


22091 


4216-5 




8 


23709 




45240 




6 


22098 


4202-5 


• 


2 


23788 




46220 




10 


22108 


4196-0 




10 


23825 




4499-5 




2 


22218 


4191-5 




6 


23848 




§4455-5 




4 


22438 


41840 




2 


23893 




44520 


• 


2 


22455 


4151-5 




10 


24081 




44300 




10 


22567 


41420 




6 


24136 




44270 




6 


22582 


4121-0 




10 


24259 




4384-5 




6 


22801 


4098-6 




4 


24392 




4382-5 




8 


22811 


40860 




10 


24467 




43770 




4 


22840 


4076-5 




10 


24524 




43630 




4 


22913 


40480 




4 


24696 




4354-0 
4330-0 




8 
10 


22961 
23088 


4042 




8 


24733 






4031-0 


Lockyer^ 


7 


24800 




43220 




6 


23130 




3995-0 




25024 




42950 




10 


23276 




3988-0 




25068 




4^6-0 




10 


23325 


39870 




4 


25074 




4280-0 




4 


23357 


• 


3948-1 




25321 




4274-5 




4 


23387 


3946-5 




6 


25331 




4268-0 




10 


23423 




3928-3 




25448 




4263-0 




8 


23451 




3926-6 




25460 




4248-5 




4 


28531 




3920*5 




25499 




42380 




10 


23589 




3915-5 




25532 




4235-0 




6 


23G06 











* Possibly dne to Chlorine. f Doable. 

I Occnrs in Bosooe and Schnstex's Terbium Spectrum. 



f See Didyminm. 
Y AroSpeotrum. 



Lead. 

KirofahoO, ' Berl. Aksd.' 1861. 

Hnggfos, ' Phil Trans. ISG^.p. 139. 
BraasakAbli, Nnturf.Oea, HiiIIa.iK. (1864). 
Thal6Q,'KoTa Acta goo. Upsal.' (HI.) vi. ISfiS. 
Lecoqde BoUbaudnri. ' Spectres Lumineiix,' 18T4. 
Lookjet, ' Phil. Trana.' oliiii. [>p. 25.3. 3S9, Itt73. 
liveing and Dewar ' Proc Roy. Soc' ixii. p. 493, 1879 i 

clixiv. p. I8T 1883. 
Hartley aad Adeney, Phil. Ttans.' clnv. p. 63, 1883. 



I. Spnrk Spectru 


1 "■ 
■" 1 ArcSpMtrnni 


Intenaih- and 
Chamctcr 


Ok. Freq, 












Huggiiia 


Thnlia 
b 


™"-' j JrsL 


I. 


II. 




6TW> 








3b 




H733a 


6656 




68663'") 


6656-8 




10m 




IflOlM 






6452-3CI 


646.1-7 




6ac 




loOaSi 






60l9-ai»> 






2sd 




16i;2ei 


6031 




eoio-a"! 

6009-2<« 


6042-6 




6iic 
3nd 




16651* 


♦6997 




6001-71O 


6000-3 




6no 




166B7i 


6895 




BS96-1H1 






2nd 




16968* 


6876 
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• Observed, together with the Bands of the Oxide, by Lecoq de Boisbaudran in the Spark Spectrom of 
Bolntion of Mafoieaium Chloride. t 4480'!, Hartley and Adeney. 

; 5527-5, 5183-0, 5172*0, 6166-7, Fievez. 

$ Observed also by Lockyer in the Speotmm of the Spark between metaUio poles ; the * indices* attadied 
to these numbers denote the comparative ' lengths ' of the lines, 

b« See Iron ; the Fraunhofer line b« is double. 
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* Observed, together with the Bands of lianganese Oxide, by Lecoq de Boisbandran in the Spark Spectrnm 
of lifldnganese Chloride solntiou. 

t Observed also byLockyer ; the 'indices' attached to these nmnbers denote the comi)arative 'lengths' of 
the lines. X * Gould not be identified,' Lockyer. $ Observed also by liveing and Dewar. 

I More refrangible than the iron line. 
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3no 


2983U 








3341-2 


Bso 


29920i 








3326-4 


2ac 


3O054d 








3207-1 


Sao 


3mu 








/ 31 304 
1^3124-5 


lOno 


31936<i 








lOnc 


31996.; 










2so 


3e310d 








3021-0 


8nc 


33092rf 








2fKi64 


10m 


33701rf 








2946-6 


8bc 


33fl27rf 








2935-5 


3sd 


34065rf 








2925-3 


3sc 


3417r.d 








2916-3 


38C 


34291^ 








2392-9 


8aa 


34656nr 








2S46-a 


IOdo 


35!H«i 










2sa 


35298<j 








28197 


8no 


36453'/ 








2810-0 


2nd 


35676(i 








2804-6 


68C 


36666.J 








2798-5 


3no 


36722rf 








2790-0 












2773'2 


2nd 


3H048i< 








2760-8 


3Ed 


36310^ 








2751-5 


fiBC 


S6332J 








2702-0 


2nd 


36999>£ 








r2657-fi 
\ 2652-2 


3nd 


37ei7(i 










37693<2 








2644 6 


2nd 


37801 r/ 








2040-6 


2nd 


378511,/ 
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Mbroubt — continued. 



Spark Spectram 


Intensity 
^and Character 


Oflc. 
Freq. 


Spark Spectmm 


Intensity 
and Character 


Osc. 

Freq. 


Hartley 
and Adeney 


Hartley 
and Adeney 


2602-3 


6sd 


38416 


23900 


Inc 


41828 


2584-2 


2sd 


38686 


2355-2 


3nc 


42448 


2575-3 


2nd 


38818 


2342-2 


Inc 


42682 


/ 12535-8 
\ 2533-8 


lOsc 
8nc 


39440 
39466 


2340-0 
2315-2 


Ind 
Inc 


42719 
43180 


2522-7 


Ind 


39629 


2296-5 


Isc 


43531 


2514-3 


Ind 


39761 


2292-6 


Inc 


43605 


2491-4 


8sc 


40127 


f 2264-2 


6sc 


44152 


f 2484-2 
\ 2477-7 


2nc 


40243 


< 2263-3 


6sc 


44166 


Ind 


40361 


2261-4 


8nc 


44207 


5 2468-0 
I 2467-0 


2nd 


40507 


2254-0 


8bc 


44352 


2nd 


40523 


22310 


Isc 


44809 


2463-7 


2nd 


40678 


2225-7 


8nc 


44916 


2459-3 


Ind 


40650 


2190-9 


Isc 


45629 


f2414-3 
\ 2407-3 


8sc 
8sc 


41408 
41628 


2148-0 


Isc 


46540 



• Observed by Lecoq de Boisbaadran in the Spark Spcctrnm of Mercuric Chloride solntion, together with 
the following additional lines :— 5647, 5620, 5561. 5529, 6498, 5314, 6292, 5269, 5246, 6222. 
t Fofisibly due to an impurity. % Liveiug and Dewar, 2536*8, in arc reversed. 



Molybdenum. 

Thal6n, « Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Lockyer, * Phil. Trans/ clxxiii. p. 561, 1881 ; * Proc. Roy. Soc.* xxvii. p. 280. 



I. Spark 


II. Arc 


Intensity 




I. Spark 


II. Arc 


Intensity 




Spectrum 


Spectrum 


and Character 


Osc. 
Freq. 


Spectrum 


Spectrum 


and Character 


Osc. 
Freq. 


















Thal^n 


Lockyer 


I. 


II. 




Thal^ 


Lockyer 


I. 


II. 




6029-2 




lOsc 




16581 


44751 




4sd 


22339 


6887-6 




lOnc 




17891 


4433-6 




4sd 




22548 


6856-6 




8sc 




17062 


4411-6 




4sd 




22661 


5791-1 




6sd 




17263 


4380-5 




4sd 




22822 


67501 




6sd 




17386 


43260 




4sd 




23109 


5687-6 




6sd 




17577 


4277-5 




6nc 




23371 


6649-1 




4sd 




17697 




3999-8 






24994 


6631-1 




4sd 




17753 




3997-5 






25008 


65691 




lOsc 




17951 




3993-2 






25031 


6540-1 




2sd 




18045 




3992-4 






26039 


5631-6 




lOsc 




18073 




39910 






25049 


6505-1 




lOsc 




18160 




3990-6 






26051 


53601 




4nd 




18651 




3985-5 






25083 


4979-1 




2sd 




20078 




3982-1 






25105 


4867-6 




4nd 




20538 




3981-5 






25109 


4829-6 




4sd 




20700 




39810 






25112 


48181 




4sd 




20749 




3980-6 






25114 


4757-6 




4sd 




21013 




3979-7 






25120 


4730-6 ^ 




4sd 




21133 




3979-1 






25124 


4706-6 


4576-0 


4sd 




21240 
21847 




3978-3 
3976-8 






25129 
25138 


4536-1 




4sd 




22039 




3974-8 






25161 
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Molybdenum— M)t^«0<i. 



I. Spark 


II. Arc 


Intensitv and 




I. Spark 


II. Arc 


Intensity and | 


Spectrum 


Spectrum 


Character 


Osc. 
Freq. 


Spectrum 


Spectrum 


Character 


Osc 

Freq. 






1 










ThaWn 


Lockyer 


I. 


II. 




Thal^n 


Lockyer 


I. 


II. 






3967-6 






25197 ; 




3928-0 






25450 




3957-6 






25260 ' 




3922-9 






25484 




3954-2 






25282 




3921-2 






25488 




3952-9 






25280 




39170 






25622 




3946-0 






25334 




3916-7 






25524 




3944-2 






25346 




3916-0 






26528 




3942-5 






25357 j 




3914-8 






25636 




3942-2 






25359 , 




3902-4 






26617 




39340 






25412 ' 




3901-3 






26625 




3929-5 






25414 










1 



Nickel. 

Kirchhoff, « Abh. Berl. Akad.* 1861. 
Thal6n, < Nova Acta Soc. Upsal.' (III.) vi. 1868. 
Angstrom, * Recherches sur le Spectre Solaire,' Upsal. 1868. 
Lockyer, *Phil. Trains.' clxiii. p. 369, 1873; clxxiii. p. 661, 1881. 
Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874, 
Comu, * Spectre Normale du Soleil,' Paris, 1881 ; * Journ. de TEcole 
Polytechnique,* liii. 1883. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensit}' and 
Character 














Osa Freq. 






o 


■ 




ThaMn 
a 


Kirchhoff 
b 


Angstrom 
c 


Comu 
d 


I. 




*t6175-9(3) 


6176-6 


6175-9 




6nc 


16188abc 


t6ll5-5(2) 


6115-7 


6115-2 




4sd 


leSilabc 


*-f6107-7(») 


6108-2 


6107-1 


6011-2 


4sd 


16'66Sabc 
16631^ 




s 




6006-3 
5996-8 
6995-7 
5899-8 




16644^ 
I6671d 
16674<^ 
16945^ 


t5892-lW 


5892-2 


5892-1 


t5891-9 
5883-7 


lOsc 


16267abcd 
16991^ 


*t5856-6W 


5857-3 






4sd 


1 7069ab 


*t5476-0C4) 


5475-8 


5476-0 




6sc 


lS256abo 


*t51 75-8(2) 


5176-2 


5175-8 




2sd 


19S\6abc 


b,*i 


f6168-5W 


51683 


5168-5 




2sd 


Id3i2abc 


*. 


f6155-3(2) 


5154-6 


6155-2 




2sd 


IdSd'Sabc 


*. 


I-5145-9W 


6145-9 


5145-9 




2sd 


lU27abc 


• 


^5142-2(2) 


5141-6 


5141-8 




2sd 


ldU2abo 


♦1 


f5137-5(2) 


5136-5 


5136-8 




2sd 


l^ieiabc 


*1 


f5115-0W 


6114-7 


51150 




2sd 


ld5^5abo 


*. 


h5099-8(3) 


5099-3 


5099-3 




2sd 


19eOiabe 


« 


-5098-6W 


5098-8 


5098-4 




2sd 


19e07abo 


♦. 


^5080-7(3) 


5080-5 


5080-7 




2sd 


}9677abo 


• 


^5079-8(3) 


6080-0 


5079-6 




2sd 


IdeSlabc 


*• 


|'5034-7W 


5034-7 


5034-8 




6sc 


l9856abo 


*1 


h5016-6W 


6017-1 


5016-7 




6sc 


ldd27abo 



See Ii-on ; the Fraunhofer line b, is double. 
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Nick E l — cmilinvgd. 



L Spark Sjiectruni 


II. Are Spectrum 


InUiMilj and 
Character 














Osc. Freq. 














Thalrfn 


KircbboB 
b 


AngsttOm 


Comu 
d 


L 






•+4983-4<') 


49827 


4983-4 




3sd 


30061oft<t 




H9Td-Til 


4979-7 


4979-4 




2sd 


2007 Sate 




*t4935-2'« 


4S3E'0 


4935-2 




6k 


■2(SSJabc 




49179 


4917-7 




6so 


30320ato 




•t4904-0'5' 


4903'6 


4903-9 




fiac 


203B6aic 




•t48730'» 


4373-8 


4873-0 




IObc 


205\eabc 




•t48eE-4*») 
•f4854*3' 


4866-0 


4365-5 




lOso 


•lOHlaba 




4855-6 


4854-6 




lOso 


20592aftD 




|4838-6i« 


4830-8 


4830-2 




33d 


2069Ba6p 




4838-7 


4838-3 




2ad 


30704(t6o 




't4785-9'« 
•t4T6e'lW 


478S-3 


4785-8 




eso 


20SUaba 




4756-3 


4764-9 




2Bd 


21024b4o 




•t4713-B«* 


4713-6 


4713-8 




lOsc 


2l20Sabe 




•tl647-l'» 


4616-7 


4647-0 




2art 


31513qSd 




't*401'8*« 




44IJ1-9 




3Bd 


22711oio 




Lockyer 








3972-7 






251630 








3971-2 






351730 








3969-2 


3641-0 
3618-3 
3673-9 
3670-8 
3665-0 
3633-9 
3614-7 
3510-3 
3491-9 
3470-J 
34G1-6 
3467-8 
3445-7 
3436-0 
3431-8 
3433-1 
3419-6 
3418-8 
3413-3 
3391-4 
3389-8 
3378-7 
3372-0 
3373-4 
3370-6 
3367-8 
3365-3 
3364-5 
3363-9 
33S0-3 
3359-8 
3330-8 
3330-3 
3313-4 
3310-0 




251850 
37457rf 
27629^ 
27980d 
27996^ 
28042^ 
a83B9rf 
28443d 
2S180rf 
■lSr.2iid 
3S806^ 
38880^ 
38911<i 
28923^ 
2909SfJ 
2913W 
29313d 
29336(2 
29241(2 
29289(2 
29478<i 
29492(2 
29588(2 
396;-i9<i 
29644(2 
29e6a* 
29684<i 
29T06<^ 
2971 3tf 
39719(2 
297B0d 
2'M5M 
30104^ 
30109^ 
30171(2 
30202<i 



no 



KlOKBL — eoiUinufd. 



Arc Spectrum 


Intensify 
and Character 


Obc Freq. 


Arc Spectram 


Intensity 
and Character 


Osc. Freq. 


■ Gomu 


Comn 


3248-6 
3242-3 
3231-3 
3212-7 
3134-4 
3134-0 
n r3100-7 
°»\ 3100-5 
3056-3 




30773 
30833 
30938 
31117 
31894 
31898 
32137 
32242 
32710 


3053-3 
3049-6 
3036-7 
3030-3 
3011-2 
30031 
30020 
2992-0 




32742 
32781 
32921 
32990 
33199 
33289 
33301 
33412 



* Observed also by Lecoq de Boisbaudran in the Spark Speotmm of Nickel Chloride solution, as also the 
followlnflr lines :— 6315, 62B1, 5827, 5801. 6756, 6716, 5695, 5665, 6641 (doable), 6621, 5609, 5588, 6129. 5048, 49M; 
4950, 4808, 4762, 4782, 4606, 4594, 4571, 4550, 4471, 4461, 4327, 4288. 

t Observed also by Lockyer ; the * indices ' attached to these nnmbers denote the comparative < lengtiis* 
of the lines. ^ 5891-9 ThoUon. 



Nitrogen, 

Angstrom, * Pogg. Ann.* xciv. p. 158, 1855. 

Pliicker, * Pogg. Ann.* cv. p. 76, 1858; cvii. p. 519, 1859. 

Vander Willigen, * Pogg. Ann.* cvi. p. 610, 1869. 

Huggins, • Phil. Trans * cliv. p. 144, 1864. 

Plucker and Hittorf, * Phil. Trans.* civ. 1, 1865. 

Brassak, 'Abh.Nat. Ges. Halle,' x. 1866. 

Wiillner, * Pogg. Ann.* cxxxv. p. 524, 1868 ; cxxxvii. p. 366, 1869 ; cxlvii. 

p. 326, 1872 ; cxlix. p. 103, 1873. 
Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 
Salet, • Ann. Chim. Phys.* (4) xxviii. p. 62 ; *Compt. Rend.* Ixxxii. pp. 223/ 

274, 1876. 
Angstrom and Thal6n, * Nova Acta Upsal.* (3) ix. 1875. 
Vogel, * Pogg. Ann.' cxlvi. p. 569. 

Schuster, ' Proc. Roy. Soc* xx. p. 484 ; * Nature,* viii. p. 161. 
Hartley and Adeney, * Phil. Trans.' clxxv. 91. 
Hasselberg, *Mem. Acad. St. Petersbourg,* xxxii. No. 16, 1885. 



Spark Spectrum or Elementary Line Spectrum 



Huggins 
a 




6602*t 
6482*- • 

5960*- • 

6942*- • 

5930*- • 

5925*t 

5768*t 

5746t 

5726 

5709*t 

5686*t 

5680*t 

5675*t 



6602-3§ 

6479-8§ 

5949-2 

5941-7 

6932-l§ 

6929-6 

6767-1 

5745-1 

571 11§ 
5685-6 
5678-l§ 
5674-6 



Kirchhoff 



66031 
6479-9 
5949-6 
5940-2 
6931-9 
6929-2 



5710-8 
5685-6 
66781 
5674-6 



Hartley 

and Adeney 

d 



Intensity 




and 


Osc. Freq. 


Character 




4s 


15142& 


6s 


15428& 


48 


16804& 


lOn 


16826& 


lOn 


16863& 


4s 


16860ft 


4s 


17336& 


4s 


17401ft 


Is 


1746d0 


4s 


17605ft 


4s 


17683ft 


lOn 


17606ft 


6s 


17617ft 





■ KlTKOGES— emCwiiierf. 






8p»r 




















Haggina 


TLbI&i 
b 


Kirehhuff 


Hsrtley 
and A^laney 


and 
Chancter 


OscFraq. 


6B68t 


6666-1 


5666-6 




lOn 


17644fr 


B660t 


55491 








[S0t6A 


6B41»t 


6541-1 






68 


18042^ 


S534t 
6630*t 


aerii'ig 






8n 


l806r>A 


6530'1 






6b 


18078A 


6521* 








1b 


18098.1 


BiSfit 


5495-l§ 






7n 


18199* 


6479* 

6*63*+ 


54791 






68 


18246£ 


8461 -6 






4a 


1S304A 


6463* 


G453'l§ 






Ha 


18333* 


S3G0 


53S11 






2a 


186836 


G338* 


5339-6 






29 


18722* 


S319 


6320-1 








18791* 


6179 


6184'7 






5a 


19282* 


Gt76 


6178-2 








19306* 


6172 


6172-2 






23 


19329* 


6071* 








2a 


19333a 


Slitf 


6046-1 


B043-3 




8b 


1981B6 


6026-1 






es 


19894* 


601 6»t 
BOlCt 


B016-1 






6s 


19930* 


60101 






6s 


19964* 


6007 


B006-6 






4s 


19968* 


6003tS 


6005-1 


6004-e 




lOn 


19974* 


499Ut| 
4993' 


6002-: 


6000-6 




lOn 


19986* 


4993-6 






6s 


200206 


4986* 


4987-1 






6s 


20046* 


4931 










20274fl 
20120* 


4895*t 


4895-8 








♦880' 










20486a 


4866 










20546a 


iSBaV 










206T9a 


4849* 








4s 


206 ITa 


4804't§ 


'4803-1 






8a 


20814* 


478l| 


4788-1 






Bs 


20879* 


477!fl 






10s 


20918* 


4840 


4640-3 






6s 


210906 


4629't§ 


4630-6 


4629-8 


4628-9 


8« 


21593*0^ 


lB2I't 


4621-1 


4620-7 


4619-9 


Gb 


21636*tNJ 


4ei3't 


4613-1 


4812-8 


4612-3 


es 


21673*ad 


4eo8*tS 


4606-6 


4606-6 


4605-B 


68 


217O3*0i 


S:t* 


4601-1 


4601-0 


4600-1 


Gb 


3i729Aoi 






4553-2 


2b 


219B6<J 


s* 






4530-1 


3a 


32068d 


s 






4506-6 


3s 
Is 


22183<i 
22^35a 


4460 








ll 


222660 


4477 






4476-6 


3s 


223 32i 


4448t5 


4446-a 


444S-3 


4446-1 


7a 


22485i 


44S0'H 


1432-1 




/ 4432-6 

XMae-9 


8b 

3n 


22664^ 

225B8d 


S?} 


4947-6 




4848-2 


4s 
6b 


22731a 
22991^ 


4a3B«t 


230-0 




r 4236-4 

\ 422B-B 


6n 


23698d 
23«40rf 


4206' 






4206-3 


2n 


2376ed 
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NiTBOOBN —coHtiimed. 



Spark Spectram or Elementary Line Spectrum 


Intenfd ty 

and 
Character 




Huggina 
a 


The]<$n 
6 


Kirchhoff 
c 


Hartley 

and Adeney 

d 


Osc. Fr€ 


4170*t 

4142* \ 
4130* / 

4101t 
4094* 

4038t 
4000t 


4137-0 

40401 
3995-1 




r4176-8 

\ 4169-2 

/4145-4 

\ 4132-8 

4102-6 

4096-5 

4041-7 

3994-6 


4n 

58 

5s 
5s 

5s 
5n 
8s 


239356 
239796 
241226 
241906 
24368d 
24404d 
24736d 
25027d 



61651 



55C 



* Obeerved also by Plttoker, who gives also Nitrogen lines at 6376, 6358, 6341, 6288, 6249, ^^^^ f * ^^^^ 
5330, 5309, 5164, ^^^ 1 , 5120, 5098, 4743, 4732, 4644 and ^^ \ , of which 5309, 5164 and 4644 have also be 

i Obserred also by Lecoq de Boisbaudran. 



noted by Salet. 

t Obsenred also by Salet. 



NiTROGEK 





Band Spectrum 


Intensity and 
Character 




I. 


II. 




Negative 


Positive 




Osc. Freq. 


Angstrom and 
Thal^n 


Lecoq de 


Ang8tr5m 








Boisbaudran 


and ThaMn f 


L 


IL 




a 


6 


c 












6870-0 




4b' 


145520 






r 6785-7 




6b' 


14733c 




6752 


< 6778-6 




4b' 


14748<J 






L 67600 




3b' 


14788<J 






f 6701-0 




6b' 


14919<? 




6682 


< 6693-4 




4b' 


14936<T 






16673-5 




3b' 


UdSOc 






f 6621-8 




6b' 


16098c 




6604 


< 6614-2 




4b' 


15115c 






16594-7 




3b' 


16169c 






r 6542-3 

s 6533-8 

1 6516-3 




6b' 


15281c 




6524 




4b' 


15302c 








3b' 


15342c 






r 6465-5 




6b' 


15462c 




6448 


< 6458-6 




4b' 


15479c 






I 6440-6 




3b' 


15522c 






f 6392-5 




6b' 


16639c 




6375 


< 6384-8 




4b' 


16668c 






16366-8 




3b' 


16702c 






r 6321-0 




9b' 


15816c 




6306 


< 6313-8 




7b' 


15834c 






L 6294-9 




5b' 


15882c 






f 6249-2 




9b' 


16997c 




623a 


< 6242-6 




7b' 


16014c 






L 6225-5 




5b' 


16058c 
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KiTROQBN — Ainftn wi. 



B«Ml Spectrum 


IpUiuity 


0-c.Freq. 


I. Negative 


II. 


Positiva 


and Character 


alet 


Letoqde 


Anratrta. 
andTluIin 


Leooqda 


AnKiUam 








b 


tmd ThMa 


'■ 
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For nltra-violet IIdcs, possibly due to oxygea, see ' Air.' 

Pliicker gives also oxjgen lioes of Spectrum I. at 6462, 6118, S340, 6316, 6144, 4848, 4327, 
1362, 4243, 1171, 4136, 4104, and 4094, at which 4213 has also been noted by Lecoq de 
Boisbaudran. 

In the map accompanying- the memoir of Angstrom aDdThal^n,ojiygen lines are shown 
at 6170, 6207, 6190, 6176, 6164, 5169, 4964, 4966, 4942, 4940, 4924, 1917, 4890, 4870, 1864, 
4869, 4355, 4712, 4706, 4698, 4677. 1663, 1649, 1612, 4610, 1E96, 4690, 4168. 1119, 4111, 
1368,1360,4348,4346, 4336,4319,4316, 4189,4184,4166,4149.4123,4118,4076,1073,4070. 
Togel gives of Spectrum II. bands at 6160 and 6130. 
• Obserred bIk> by FlUckar. t 4M8-9 uid 4M1-4 Einhlioff. 

; Otaened alw by Sslet, wbo gim bIbo lines M UM, SIM. i4IS. 

iOlnervBl bIbo by ADgstrOm. I Oteerved bIbu by Lsi»q de BofebBndliiii. 

Tbli band )b mada up ot Unes bCESM-O, MUS, SSIS'fl, Mii-3, (311-2, 63S9'0, tM7-7, fiJlflO, £303-7, Ulii. 
Il37«'g. MStA, s:92-S. •• SI7I-1 £lroliboir ; tllO ^gitiHm. 

tt Tbi> bud is nude up at Una at iHI-a, SiKt, UMS, «670'I. it7C'B, USl-i. «e«l-4, UOl-J, IS11-3. ttliS. 



Palladium. 



Kirchhoff, * Abh. Berl. Akad/ 1861. 

Huggins, * Phil. Trans.' 1864, p. 139. 

Thal6n, * Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Lecoq de Bo^itbaudran, * Spectres Lumineux/ Paris, 1874. 

Lockyer, * Phil. Trans.* clxxiii. p. 661, 1881. 





Spark Spectrum 




Intensity 
and Character 




Huggins 
a 


ThaMn 
b 


Kirchhoff 
c 


Osc. Freq. 


6381 






Isc 


15667<i 


6248 






Isc 


1600k( 


*6126 


6129-2 


6129-4 


2sc 


163105(? 


6895 






b 


16959a 


6866 






3sc 


17042a 


6854 






In 


17077a 


6823 






Is 


17168a 


6805 






n 


17221a 


6787 






n 


17275a 


♦5737 




6736-4 


5sc 


17427c 


6733 






Isc 


17437a ' 




♦6694-1 


6693-9 


6sd 


llbblhc 


♦6669 


6668-1 


6668-8 


6sd 


17636ftc 


*5653 


66611 




4sd 


17690J 


♦5638 


6640-1 


5642-6 


4sd 


nnxhc 


♦5622 


6618-1 




6sd 


17794ft 


5607 






Isc 


17829a 


♦5599 






4sc 


17855a 


6587 






4sc 


17894a 


5564 






Isc 


17967a 


*5646 


5546-1 


6645-4 


6sd 


18027J<? 


6540 


55421 


5540-3 
*5528-7 


6sd 


18041*0 
18082c 


6512 






2nd 


18137a 


6465 






2s 


18293a 


' *6436 






In 


18390a 


*5394 


6394-1 


63940 


8sc 


18633JC 


*5369 


6361-6 


5361-9 


4sd 


18649ftc 


*5342 


63461 


6344-1 


4sd 


18706ftc 


♦6310 


6312-1 


5312-8 


4sd 


18817&C 


*5292 


62951 


6293-7 


lOsc 


18882*0 


♦6254 


52671 


5255-7 


4sd 


1901S*c 


5249 






2sc 


19045a 


*5233 


5233-7 


5234-3 


8sc 


19100*c 


♦5209 


6208-2 


6207-8 


4sd 


19196*0 


♦5163 


5163-2 


5163-4 


lOsc 


19361*0 


♦5116 


6116-6 




8sd 


19638* 


*6110 


61101 


6110-7 


8sd 


19562*0 


♦5062 




5062-6 


3n 


197470 


♦4876 


4874-6 


4874-9 


6sd 


20608*0 


*4818 


4817-1 


4821-0 


6sd 


20745*0 




♦4787-1 


4787-1 


6sd 


20883*0 


#4474 


4473-6 


4473-5 


6sd 


22347*0 




4278-0 




2nd 


23368* 


*4212 


4212-5 




8sc 


23732* 



Lockyer has observed the following lines in the Arc Spectrum of Palladium between 
the wave-lengths 3900 and 4000 ;— 3991-5, 39848, 3957-7. 

* Observed also by Lecoq de Boisbandran in the Spark Spectnun of Palladium Chloride solution, together 
with the following lines :-.6778, 6177, 6496, 4917, 4170, 4088. t Double. 
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Stgaln, •Compt. Bend.' liiL p. 1272, ISfil. 
PlQcker and Hittorf , Phil. Trane.' clr. p. 24, 1865. 

Salet, 'Ann. Chim. Phys.' (4) joyiii. p, 68. 1873.' 
Christofle and BeUstein, ' Compt. Rend.' Ivi. 399, 1863. 
Mulder, 'Joiirn. f. Prakt. Chemie,' xd. p. Ill, 1861, 
Lecoq de Boisbaudran, Speoties LuminenK,' Paris, 1871. 
Lockyer, • Proc. Roj. Soc' xsii. p. 371, 1874. 
Hufmann, Pogg. Ann cilvU. p. 92. 
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Rubidium. 

Bunsen and Kirchhoff, * Phil. Mag.' (4) xxii. 

Kirchhoff, *Abh. Berl. Akad.* 1861. 

Thal6n, 'Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 

Bunsen, * Pogg. Ann.' civ. pp. 230, 366 ; * Phil. Mag.' (4) 1. pp. 417, 527. 

Liveing and Dewar, * Proc. Roy. Soc.' xxviii. pp. 367, 471. 
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• Possibly due to C!hlorine. 

t These lines occur in Boscoe's ' Terbium * Spaotmm, /Mfrn. r^ 



*^. zli. p. 283. 
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Scandium. 

Thal6n, * Ofversigt af Kongl. Vetensk Akad. Forhandlingar.' xxxviil. No. 6, p. 13. 
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* Possibly doable. 
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Silicon. 



Troopt et Hantefeuille, *Compt. Rend.' Ixxiii. p. 620, 1871. 

Salet, * Ann. Chim. Phys.* (4) xxviii. p. 65, 1873. 

Pliicker, * Pogg. Ann.' cvii. p. 531, 1859. 

Hartley, * Proc. Roy. Soc' xxxv. p. 301. 

Liveing and Dewar, * Phil. Trans.' clxxiv. p. 222, 1883. 
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5978 


6058-1 




b 




16719a* 
19764c 


75049 


♦6043 


6043-4 




b 




19822<? 


84420 


42067 
41607 






b 
b 
b 




22618a 
23774* 
24206a 


€41.30 




C3890 




Hartley 
2881-0 
2631-4 
2541-0 
2528-1 
2523-6 
2518-5 
2615-5 
2513-7 
2506-3 
2435-6 


2881-1 

25281 • 

2523-9 

2518-8 

2515-8 

2514-1 

2506-6 

2434-8 






25699a 

346990^ 

37991c 

39342c 

39543c<^ 

39,612crf 

39691crf 

39739c<^ 

Sdie^cd 

39884c^ 

il052cd 



• Double. 



Silver. 

Kirchhoff, * Abb. Berl. Akad.' 1861. 

Huggins, * Phil Trans.' 1864, p. 139. 

Mascart, * Annales de I'Ecole Normale,' iv. 1866. 

Thal^n, *Nova Acta Soc. Upsal.' vi. 1868. 

Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874 

Lockyer, 'Phil. Trans.' clxiv. p. 805, 1874. 

Liveing and Dewar, * Proc. Roy. Soc' xxix. p. 398, 1879. 

Hartley and Adeney, *PhiL Trans.' clxxv. p. 109, 1884. 



I. Spark Spectrum 


II. Arc 
Spectrum 


Intensity 
and Character 


Osc. Freq. 


Huggins 
a 


Thal^n 
* 


Kirchhoff 
c 


Liveing 

and Dewar 

d 


I. 


H. 


6371 
6249 
6034 
5973 
6864 


6036-2 
666G1 




1 


Isc 

Isc 

2nd 

Isc 

Isc 

4nd 




15691a 
15998a 
16562^ 
16737a 
17077a 
17675* 



SiLVEB — continued. 



I. spark Spectram 


II. 
Arc Spectrum 


Intensity' 
and Character 


^>V «M 


Huggins 


Thaltfn 


Kirchhoff 


Liveing 
and Dewar 


I. 


II. 


OscFreq. 


a 


b 


c 


d 








5644 


5645-1 






4nd 




17709& 


5626 


5625-6 






4nd 




17770J 


5622 


5622-6 






8iid 




17780J 


5607 


5610-6 






4nd 




17818J 


6590 


55901 






4nd 




17883J 


5570 


5568-1 
5556-6 






4nd 
2sd 




179645 
17991J 


5568 


5551-6 
5522-1 
5486-6 


1 




8sc 

4nd 

2Dd 




180085 
181045 
182215 


5471 


5470-1 


t5469-9 




dsc 




182765(J 


5463 


♦5464-1 


5464-0 


(54641) 


lOsc 


r 


18296^ 


5426 


5423-6 






6nd 




184325 


5412 


5411-1 






2nd 




184755 


5401 


5401-6 . 
5299-1 






8nc- 
6nd 




185085 
188655 


6207 


♦5208-9 
4874-1 
4666-6 

♦4475-1 


t5208-7 


(5208-9) 


lOsc 
8sc 
4sd 
4sd 


r 


191935<; 
205115 
214225 
223395 


Hartley 


( 






and 








, 






Adeney 


§4211-3 

4208 
§4053-0 




r 


^S73Sd 
23757<« 
24665<; 






3541-3 




2sd 




28229^ 






3404-2 




2sd 




29367IJ 






3389-7 




2sd 




294920 






3382-3 




lOsc 




295670 






t3351-8 




2nd 




298260 






3311-6 




2sd 




301880 






3306-1 




2sd 




302380 






/ 3300-6 
\ 3299-0 




2sd 




302880 








2sd 




303030 






3292-3 




2nd 




303650 






3288-6 




2nd 




304080 






3280-1 




lOsc 




304770 






3272-8 




2nd 




306460 






3265-2 




2nd 




306170 






3260-2 




2nd 




306640 






3251-8 




2nd 




307430 






3243-8 




4sd 




308190 






/ 3231 -8 
\ 3228-6 




2nd 




309330 








2nd 




309640 






3222-3 




2nd 




310240 






3216-0 




2nd 




310860 






3&0S-1 




2nd 




311610 






3198-8 




2nd 




312620 






3190-6 




2nd 




313320 






3183-7 
3179-2 
3174-3 
3134-9 




2nd 
2nd 
2nd 
Ind 




314000 
314450 
314930 
3l890r 



r 
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Silver — continued. 





Spark Spectrum 


Intensity 




Spark Spectrum 


Intercity 








and 


Osc. Freq. 




and 


OvP Vrtwi 




Hartley and Adeney 


Character 


' Hartley and Adeuev 


Character 


'-'nv.. I rtrvl* 




3129-2 


Ind 


31947 


2419-9 


7sd 


41310 




f 2937-4 


28d 


34033 


2414-6 


Isd 


41403 




< 2933-5 


5sd 


34079 


/ 24 13-3 
\ 241 1-3 


9brd 


41423 




L2928-2 


6sd 


34140 


8brd 


41458 




2919-1 


4sd 


34247 


2409-3 


Isd 


41492 




. r290l-6 
12895-6 


58d 


34453 


2406-4 


28d 


i 41542 




6sd 


34524 


2404-5 


2sd 


i 41575 




2872-7 


6sd 


34800 


2395-7 


2sd 


j 41728 




2814-5 


6sd 


35519 


23933 


Isd 


41769 




2798-9 


68d 


35717 


2390-8 


5sd 


41813 




f T 2766-4 


7sd 


36139 


/ 2386-7 
\ 2386-2 


2sd 


41885 




N 2755-5 
L 2742-9 


7sd 


36279 


2sd 


418i»4 




2sd 


36446 


2383-6 


2sd 


41939 


2720-6 


Isd 


36746 


i 2375-5 


6nd 


42082 


2711-3 


7nd 


36872 


2365-8 


4sd 


; 42255 


2680-5 


6sd 


37296 


2364-3 


6sd 


42282 


2659-6 


7sd 


37588 


2362-3 


5sd 


42319 




2656-2 


48d 


37636 


2359-2 


5sd 


42375 




r 2627-3 
l2fi25-2 


4sd 


38050 


2358-1 


7sd 


42394 




4sd 


38081 


2343-7 


Isd 


42655 




r 2613-7 


4sd 


38248 


23421 


Isd 


42684 


X 2605-4 


48d 


38370 


2339-2 


Isd 


42737 


2598-2 


Isd 


38476 


2332-5 


Isd 


42860 


2694-7 


2sd 


38528 


2331-7 


9b'd 


42872 




2579-9 


78d 


38749 


/ 2325-8 
\ 2325-3 


7b'd 


42981 




' 2565-8 


2nd 


38962 


9b'd 


42992 




^ 2563-2 


2nd 


39002 


2322-3 


4nd 


43048 




, 112661-5 


3sd 


39029 


2320-6 


9b'^d 


43080 




2652-0 


Isd 


39173 


2319-5 


2sd 


43100 




2534-6 


7sd 


39443 


2317-4 


9brd 


43139 




/f 25060 
\ 2503-6 


78d 


39891 


2310-1 


4sd 


43275 




48d 


39930 


2296-8 


28d 


43526 




/ 2486-4 
\ 12485-4 


28d 


40206 


2286-7 


Isd 


43718 




28d 


40222 


2280-7 


9bM 


43833 




f 2479-9 


58d 


40311 


2277-8 


2sd 


43888 




< 2476-8 


6sd 


40362 


2275-3 


2sd 


43937 




Lf 2473-3 


7brd 


40419 


2254-1 


4sd 


44360 




2469-0 


2sd 


40489 


r 2249-9 
\ 112247-6 


7b'd 


44433 




J 2462-2 
\ 2459-8 


68d 


40601 


7b'd 


44478 




58d 


40640 


2230-6 


5b'd 


44817 




2453-0 


78d 


40753 


r 2206-0 
\ 22020 


Isd 


45319 




2447.4 


98d 


40846 


Isd 


45399 




[I2445-7 


48d 


40875 


21860 


4b^d 


45731 




2443-9 


5sd 


40906 


2165-8 


2sd 


46167 




2437-3 


9nd 


41016 


2161-3 


Isd 


46253 




/ 2429-8 
\2428;8 


9sd 


41142 


2145-4 


4brd 


46596 




48d 


41169 


2119-0 


Ind 


47176 




2422-8 


28d 


41261 


2112-0 


Ind 


47333 



* Observed by Lecoq de Boisbandran in the Spark Spectmm of Silver Nitrate solntion, together with the 
following :~5022, 4997, 4968, 4669, 4623, 4670. 4518. 4434, 4396, 4308. t 5468'6 and S207-1, Mascart. 

X See Tin. $ Observed also by Lockyer. See Lead. % See Copper. 
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Sodium. 

Bonsen and Eirchhoff, ' Phil. Mag/ (4) xx. 

Kirchhoflf, * Abh. BerL Akad.' 1861. 

Attfield, «Phil. Trans.' 1862, p. 221. 

Huggins, *Phil. Trans.' 1864, p. 139. 

Rutherford, * Sillman's Journal ' (2) xxxv. p. 407. 

Wolf and Diacon, *Compt. Rend.' Iv. p. 334. 

Miiller, * Pogg. Ann.' cxviii. p. 641. 

Thal6n, *Nova ActaSoc. Upsal.' (III.) vl. 1868. 

Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 

Lockyer, * Proc. Roy. Soc' xxix. p. 140, 1879. 

Comu, * Spectre Normal du Soleil,' Paris, 1881. 

Bunsen, * Pogg. Ann.' civ. p. 366 ; * Phil. Mag.' (4) 1. p. 627. 

Liveing and Dewar, * Proc. Roy. Soc' xxviii. pp. 367, 471 ; 

xxix. pp. 398, 402, 1879. . 
Becquerel, * Compt. Rend.' xcvi. p. 1218 ; xcvii. p. 72. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity 
and Character 


Osc. 
Freq. 


Huggins 
a 


Thal^n 
b 


ThaMn 
c 


Liveing and Dewar 
d 


I. 


II-. 


/t6155(3) 
\t6149(3) 
Dj 5 t5895(*) 
Da I t5889W 
/ +5687(3) 
\t5681») 

r+5l54a) 

\t6169(») 

t4985(i) 


/ 6160-2 
*\6154-4 

/ 5895-1 
*\ 5889-1 

/ 6687-3 
*\5681-6 

r6165-0 
*\ 5152-7 
»/ 4983-3 

\ 4982-0 


1 6154-2 
/ 5895-0 
\ 5889-0 
/ 5687-3 
\ 5681-4 
/ 5674-4 
\ 5668-0 


(6160-2) 
(6154-4) 
(5895-1) 
(5889-1) 
(5687-3) 
(5681-5) 
/ 5673-6 
*\ 5668-6 
(51560) 
(5152-7) 
r4983 
\4982 
4980-5 
^ /4751-4 
* 14747-5 
r 4667-6 
*\ 4663-7 
/ 4543-6 
\ 4540-7 
/ 4496-4 
\ 4494-5 
/ 4423-0 
1 4419-5 
/4393 
L4390 
4343 
4325 


8sc 
8sc 
lOsc 
lOsc 
6sd 
6sd 

6sd 
6sd 
4nc 


lOr 

lOr 

r 

r 
r 
r 

s 

s 

nr 

nr 

n 

s 

s 

nr 

nr 

s 

s 

n 

n 

s 

s 

b 

b 

b 

b 


162286 

162446 

169586 

169766 

176786 

175966 

17619(;rf 

17e37(ji 

193936 

194026 

200616 

20066/2 

20072/2 

21040/2 

21067/2 

2U\U 

21436/2 

22002/2 

22016/2 

22234/2 

22243/2 

22602/2 

22620/2 

22767/2 

22772/2 

23019/2 

23114/2 

30284/? 

30286/j 


Cornu 

/ 3301-2 
\ 3300-8 



Becquerel has observed i fra-red lines at 8190 { and 11420 in the Arc Spectrum of 
Sodium. 

* Observed also by Lecoq de Boisbaudran in the Spark Spectrum of Sodinm Sulphate. 

t Observed by Lookyer. The ' indices ' attached to these numbers denote the comparative ' lengths * of the 



lines. 



8199 Abney. 
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Strontium. 

Brmsen and Kirchhoff, * Phil. Mag.' (4) xx, 
Kirchhoff, * Abh. Berl. Akad.' 1861. 
Miiller, * Pogg. Ann.' cxviii. p. 641. 
Huggins, *Phil. Trans.' 1864, p. 139. 
Mascart, *Annales de I'Ecole Normale.' iv. 1866. 
Thal6n, *Nova Acta Soc. Upsal.' (III.) vi. 1868. 
Lockyer, * Phil. Trans.' clxiii. p. 639 ; clxiv. p. 311. 
Liveing and Dewar, * Phil. Trans.' clxxiv. p. 217. 
Becquerel, 'Compt. Rend.' xcvi. p. 1218; xcvii. p. 72. 



I. 


Spark Spectrum 


II. Arc Spectrum 


Intensity 
and Character 


Osc Freq. 










T • • 


1 


Huggins 


Thal^n 


Kirchhoff 


Lockyer 


Liveing 
and Dewar 


I. 


II. 




a 


b 


c 


d 


e 








7108 










4s 


14u65a 


6885 










4s 




14520a 


6790 










4s 




14723a 


6641 










Is 




15054a 


6606 










2s 




15133a 


*6548 


t6550-3W 








4sd 




152626 


6502 


t6501-8W 


6502-7 






8sd 




15375*c 


6435 










b 




15535a 


6410 


+6407-30) 
-f6387-3(«) 


6407-4 






lOsc 




156026c 


6388 








6sd 




156516 


6383 


t63803W 








4sd 




156696 


6369 










Is 




15696a 


6347 










Is 




15751a 


6343 










Is 




15761a 


6311 










b 




15841a 


6274 










Is 




15984a 


6251 










b 




15992a 


6220 










b 




1607U 


6172 










Is 




16199a 


6098 










2s 




16394a 


6998 










b 




16667a 


5977 










b 




16726a 


6971 


t5970-7») 
t5850-lW 








2sd 
2sd 




167436 
168026 


5816 










Is 




17189a 


6766 










In 




17338a 


5647 










2n 




17703a 


6623 










3s 




17779a 


6679 










Is 




17919a 


6543 










4s 




18036a 


*6540 


+6540-1W 


56394 






6sd 




180466c 


6531 


+5533-0») 


5533-6 






8sc 




180676(7 


*6519 


t5622-6<« 


5520-6 




(6522-6) 


8sc 


r 


181056c 


*6500 


+5603-6'»> 


6603-0 




(5503-6) 


8sc 


r 


181666c 


6496 










b 




18190a 


5487 


+5486-l(») 


5484-8 






6sd 




182266c 


*5480 


+5480- 1<*) 


6480-8 




(64801) 


lOsc 


r 


182416c 


*5450 










5s 




18343a 


6423 










2s 




18435a 


5383 










3b 




18671a 


*5254 


t52561fi) 


5256-6 




(5256-1) 


88C 


r 


190196c 


*6238 


t5238-7(»> 


52381 




(5238-1) 


lOsc 


r 


190846c 


*5228 


+5228-7(J) 


6228-3 




(5228-7) 


6sd 


r 


191206c 


/i224 


+6226-7C1' 


6226-4 




(5225-7) 


6sd 




191316c 



¥.*L 



STBonmm— 4mMi«w4. 



I. Sfirk Speettam 


II. Aro Spectram 


lotedsity 

and Character 


OacFrt^. 
















Huggta. 


ThMltfn 
b 


KlrohhofT 


d 


and Dewu 


^■ 


II. 




5221 


tB2237(il 


6222-8 




(6223-7) 


fisd 


~ 


19I3Siir 


631T 










2s 




191620 


•filGS 








(6166-0) 


2b 




19393a 


8102 










1 




195e4a 


•4967 


t4967-6(" 








4sd 




30134* 


4962 


t4961-6«) 






(4961-6) 


Ssc 




20149* 


i943 










lb 




20S34a 


•4893 








(48930) 


Is 




204819 


•1876 


t4876-li" 






(*87fl-l) 


ead 




20602* 


4873 


t4872-Hi> 






(4872-1) 


6sd 




205IS* 


48es 








(4866-0) 


2 




206491 


48fi3 










2 




20600b 


•4830 


t4831-6<>i 






{4831-6) 


6ad 




20691! 


•4811 


I4812'li'l 






(4812-1) 


6sd 




20776! 


•4784 


14783-6"' 






(4784) 


6ed 




208996 


47BO 










la 




21046fl 


4743 


t4740'B"l 






(4741) 


6ad 




21088* 


•4721 


t472M'" 






(4721) 


6sd 




211766 


•4604 


14807 -Si" 


4607-4 




(4607-6) 


IOdo 


r 


2i697i« 


4438 






4*370"> 




2n 




22531i 


4367 






4365-OW 








22903d 


43G1 










In 




22934a 


4337 






4336-00) 




2n 




23056d 








tlliaafi-ff""' 




2d 




23114d 


•4305 


+430fi'3r» 
§l4226'3n> 


4304'9 


4306-3M 


(4305-3) 


lOno 
6nd 


' 


23221inf 

23654* 


•4215 


t42J6-3iai 




4216 3ffl 


(4216-3) 


lOno 




23716W 


'4161 


t4!61*n 




4161-0'>) 




6nc 




2402&J 


•407S 


t1078-6") 




4077-0"' 
/ 14031-7'"" 
\ 14031-6'" 


(4078-5) 


lOnc 


' 


24616M 
24T96d 














24797rf 








4029-4"l 








21810^ 








39S9-1 








35187<i 








S9S9'6< 


§3705-0 
3663-0 
3647-0 
3627-0 
3498-0 
3464-0 
3458-0 
3379-5 
3364-6 
3305-3 
2931-1 




° 


35376rf 
26983f< 
273674 
38184il 
28S44rf 
2867M 
28859d 
2fi9l0rf 
29681(i 
29713rf 
30246<f 
34106rf 



w, tosEth>r«itli the band! Df Bl 



of Blatloii of HtroatloiB t 

t ObMmdalwbTlocbet: ttas'lndlMi'attactwd la thcH DUnbsi deDDtetbtoompantln-lvistlia'Bl 
till Una. 7 Bm Barlnm. | Sm OaMBm. | Sm IiaD. 1 Ssa Mintanwi 



135 



8ULPHUB — eontinve i. 



I. Band 
ipectmm 


11. Line Spectrum 


Intenaityand 
Chancter 


Oscillation Freq. 


Salet 


o 
AngRtroni 


Hasselberg 


PlUcker and 
Hittorf 


Salet 


I. II. 


I. 


II. 


a 


b 


c 


d 


e 










4450 






4432 
4422 


4435 
4425 


2b 


b 
b 


22465a 


22o^9de 
22600^^ 


4367 




• 


4386 
4358 
4350 
4343 
4336 
4329 


4390 


3b 


b 
4 
4 
4 
4 
4 


22892a 


22783^ 

22940e; 

22982^ 

2S0l9d 

230o6d 

23093</ 


4320 






4315 


4315 


2b 


b 


23141a 


2iiUSde 








4297 




[4295 




8 




23270rfd 








4284 




4282 




8 




2SU0de 








4279 








4 




23362</ 








4272 


' 1 


4269 




8 




23409^ 








4259 








4 




2'ii7Hd 








4255 




4250 




8 




23508^ 








4241 






b 




23572<i 








4229 






b 




23639<; 








4196 


4192 




b 




23836^ 


4187 






4181 
4168 
4158 
4140 


r4180 

p< 4162 

L4155 


2b 


6 
8 
6 
6 


23876a 


2^dUde 
2^00Sde 
24052^/^ 
24148^ 


4070 










2b 


H 


24563a 





Tantalum. 

Lockyer, * Phil. Trans.' clxxiii. p. 561, 188. 



Arc Spectrum 


Intensity 

ai d 
Character 


Oscillation 
Frequency 


1 

i Arc Spectrum 


Intensity 

and 
Character 


Oscillation 
Frequency 


Lockver 


j Lockyer 


3998-6 




25001 


3971-2 




25174 


3995-7 




25019 


3964-5 




25216 


3995-0 




25024 


3963-3 




25224 


39910 




25049 


3942-7 




25356 


3987-4 




25071 


3940-3 




25371 


.3979-7 




25120 


3936-3 




25397 


3975-5 




25146 


3914-0 




25541 


89730 




25162 


3911-0 




25561 


3971-6 




25171 

1 


3906-9 




25588 









BULPHDR 




""• 


I. Band 
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Tellubium. 
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Tellubium — continued. 
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Tellxtbium — continued. 
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T E LLTTKinH — poatinued. 
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40296 


2sd 
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1.2479-fi 
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40316 


f 27 13-0 
\2710-2 


2sd 


36X48 


34767 


2nd 


40363 


8nd 
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2473-2 


6«i 


40420 


12702-3 
\ 2700-3 


2s<t 


36995 


3469-0 


2nd 


40489 


Esd 


37022 


r 2463-0 
\ 3460-3 


4nd 


40804 


f269C-a 
\ 2891- 1 


end 


37073 


4nd 


40634 


end 


37107 


3452-6 


2iid 


40766 
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12888-2 


3id 


37181 


(-3447-8 


Ssd 


40840 


38d 
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( 8683-2 
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2Dd 


37258 
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40942 


Sod 


37305 


1. 2438-0 


8sc 
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;'674-G 


2sc 


87378 


1-3433-0 

2429-7 

) 3428-3 


3ne 


41105 


2666-0 


4sd 


37198 


2nd 


41144 


3fi59-4 


2b-d 


37691 


3se 


41169 


2fifi7-l 


4nd 


S7624 


2426-7 


3nd 




f 2618-7 
\ 2647-0 


2Dd 


37743 


3425-0 


4nd 


41224 


3nd 


37767 


r 2430-3 
1 3418-6 


2nd 


413u4 


3643-3 


2iid 


3TS34 


3nd 


41334 


2637-0 


3Bd 


87910 


f 2413-3 
\ 3411-4 


89C 


41423 


r3631-7 
1 2830-5 
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37943 


6sc 


41456 


2nd 


38004 


f 3403-7 
1 24000 


6nd 


41589 


r2627-8 


4Bd 


38043 
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41653 


{ 2624-3 


4fid 


38094 


r 2392-8 


4n<I 


41778 


\2%2\-i 


48d 


38136 


1 2390-7 


4iid 


41815 


361 7-4 
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38195 


/ 2386-3 


lOnu 


41892 


r 261 3-7 
\2611-3 


4ml 


38248 


lOnc 


419^6 


4sd 


383R3 


f2H77-0 
I 2376-3 


2nd 


42056 


r 2604-4 


2nd 


38385 


2nd 


42086 


J 2699* 


29d 


3B459 


2370-3 


8bc 


42173 


13688-1 


29d 


38478 


r2364-7 
1.2362-8 


4nd 


42274 


2894-0 


28d 


38538 


4nd 


42310 


f2fi90-1 
■ 2585-0 


2nd 


38697 


( 2369-8 


4nd 


42364 


2nd 


38673 


i 2368-6 


6Hd 


42366 


■2580-1 


2nd 


38746 


12367-0 


4nd 


42411 


2578 


2nd 


38778 


2351-7 






2574-8 


4Bd 


38823 


2344-3 






2572-4 


4nd 


38865 


2340-3 






2667-8 


2iid 


38932 


23Se-8 






2564-1 


3Dd 
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TELLtTBiuii — continued. 
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( 23330 


Sad 


42869 


2202-8 


2nd 


46382 


J 2325 6 


88d 


12989 


2200-1 


2nd 


46438 


1 23210 


Ssd 


430T2 


21i>6-5 


2nd 


45513 


1.2317-9 


Ssd 


43131 


f 2192-2 


6nc 


M6O2; 


2310-1 


2nd 


43276 


■i 2189-T 


6nd 


46654 


230.H7 


2Dd 


43408 


I 2186-9 


2nd 


46712 


23(JM 


2Dd 


43444 


/ 2 1820 
1 2179-2 


2nd 


46816 


2297-5 


2nd 


43512 


6nc 


46874 


22960 


6nc 


436B0 


2176-3 


2nd 


469E4 


2291 '8 


2nd 


43620 


( 2167-3 
\2166-T 


2nd 


46128 


2288-6 


2nd 


43673 


2nd 


46160 


f 3280-6 
\ 2277-2 


6nd 


43831 


2159-7 


2nd 


46288 


6nd 


43900 


r 2149-7 


2nd 


46503 


2285-7 


6nd 


43756 


i 21478 
L31467 


2dc 


46644 


r22fl6-2 
J 2264-2 


6no 


44113 


2nd 


46668 


2nd 


44152 


2142-7 


2nd 


46663 


2260-4 
1.2256-6 


6nc 


44230 


f 2 136-5 
\213S0 


2nd 


46790 


6nc 


44301 


2nd 


46823 


22500 


6nd 


44431 


/ 2125 5 
\ 2122-5 


r2nd 


47032 


r 2248-0 
\ 2247 3 


680 


44470 


2nd 


47099 


Snc 


44494 


/2I1S-0 
\2116-3 


2nd 


47176 


22*3-3 


6b'C 


44563 


2nd 


47237 


2340-7 


2Dd 


44615 


/2113-3 
\ 2110-6 


2nd 


47304 


r 2231-3 


2nc 


44803 


2nd 


47366 


i 2230-3 


3nc 


44823 


2108-4 


2nd 


47414 


L 2239-0 


2no 


44849 


2103-8 


2nd 


47622 


2226-8 


2nd 


44893 


2100-2 


2nd 


47600 


22232 


2nd 


44966 


2078-5 


2nd 


48095 


2219-3 


8b'c 


45045 


f 2050 8 


2Dd 


4ST46 


2216-0 


2nc 


46123 


■^2039 3 


2nd 


49022 


/ 2211-2 
\ 2209 6 


and 


45310 


1 2032-7 


2nd 


491T9 


6nd 


45246 
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6371-4 


6 
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5347-7 






6369-4 


4 


18619 


5342-3 


6 


18713 


5363-3 




18623 i 


6H40-0 


5 


18721 


6367-2 


6d 


18626 


5331-4 ? 






6360-3 


4 


18650 ! 
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5352-1 


6 


18679 


5318-7 


7 


ISTfW 


5319-6 
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7 
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TsBBiUM — continued. 
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6301-6 


7 


18857 


4951-7 


5 


20189' 


5300-6 


7 


18860 


4947-6 


6 


20206 


6292-3 


3 


18890 


4937-1 


4 


20249 


6281-6 


6 


18928 


4935-5 


4 


20255 


5280-4 


6 


18932 


4933-1 


2 


20265 


5271-9 


3 


18963 


4911-9 


2 


20353 


5270-6 


7 


18968 


4909-0 


3 


20364 


5268-8 


6 


18974 


4893-2 


2 


20430 


6264-5 ? 


2 


18989 


4864-2 


2 


20552 


6261-4? 


6 


19001 


4847-0 


5 


20625 


6254*8 


5 


19024 


4843-7 


2 


20639 


52511 


7 


19038 


4841-2 


2 


20660 


6250-1 


5 


19041 


4821 1 


3 


20732 


5248-6 


4 


19047 


48150 


7 


20762 


6236-7 


3 


19096 


4799-8 


4 


20828 


5233-3 


4 


19103 


4790-2 


4 


20870 


5232-0 


3 


19108 


! 4781-9 


2 


20906 


5218-7 


5 


19156 


4776-7 


3 


20928 


6197-1 


6 


19236 


1 4773-6 


2 


20942 


5195-1 


3 


19243 


4766-1 


3 


20975 


51920 


6 


19255 


4757-6 


2 


21013 


5190-3 


6 


19261 


4754-6 


2 


21026 


5185-8 


6 


19278 


5744-8 


6 


21070 


6182-8 


5 


19289 


47430 


3 


21078 


5175-4 


7 


19317 


4725-4 


2 


21156 


6174-6 


7 


19320 


47200 


2 


21180 


5172-3 


7 


19328 


4717-0 


2 


21194 


5165-6 


3 


19363 


4715-0 


2 


21203 


5155-2 


6 


19392 


4712-0 


4 


21216 


5154-4 


4 


19395 


4703-5 


6 


21254 


5140-5 


2 


19448 


4700-2 


6 


21269 


5129-8 


4 


19488 


4686-5 


4 


21332 


5124-9 


2n 


19507 


4676-1 


5 


21379 


6121-6 


3 


19520 


*4673-6 


5 


21390 


5116-6 


4 


19539 


4668-6 


6 


21413 


6111-8 


1 


19557 


4664-5 


3 


21478 


5108-5 


4 


19569 


4646-4 


2 


21515 


5104-2 


3 


19586 


4641-6 


5 


21538 


5102-9 


5 


19591 


46380 


3 


21557 


51001 


7 


19603 


4636-9 


2 


21564 


5097-8 


4 


19611 


4614-9 


6 


21662 


5091-9 


6 


19633 


4603-5 


2 


21716 


5073-9 


4 


19703 


4600-3 


4 


21731 


6070-7 


6 


19715 


4597-3 


2 


21745 


5069-2 


6 


19721 


4596-3 


2 


21750 


6066-5 


3 


19732 


4594-3- 


3 


21759 


5060-6 


2 


19755 


45930 


3 


21766 


5067-2 


4 


19768 


4590-8 


2 


21776 


6052-3 


8 


19787 


45890 


2 


21785 


6050-9 


2 


19793 


4584-1 


4 


21808 


6030-4 


6 


19873 


4581-7 


4 


21819 


5027-9 


6 


19883 


4580-5 


2 


21825 


6014-6 


6 


19936 


4576-9 


5 


21842 


4960-9 


6 


20152 


4565-7 


5 


21896 


4966-6 


5 


20169 


4560-3 


2 


21921 ^ 
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Tebbiuh — eontinued. 



Spark Spectnim 
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4557-6 


2 


21939 


44301 


2 


22666 


4553-5 


3 


21964 


4427-3 


2 


22580 


4552-4 


3 


21960 


4423-8 


8 


22598 


4543-6 


6 


22002 


4420-6 


3 


22615 


4541-3 


4 


22013 


4420-3 


3 


22616 


4539-3 


5 


22023 


4418-7 


3 


22624 


4637-2 


6 


22034 


4414-3 


4 


22647 


4523-6 


6 


22051 


4408-9 


3 


22676 


4622-7 


4 


22104 


4407-7 


3 


22681 


4521-9 


2 


22108 


4406-3 


4 


22688 


4519-2 


5 


22121 


4402-7 


6 


22707 


4511-5 


4 


22159 


4401-4 


6 


22713 


4498-7 


4 


22222 


4390-4 


5 


22770 


4497-6 


3 


22228 


4387-1 


2 


22787 


4496-9 


4 


22231 


4382-4 


2 


22812 


4483-9 


2 


22296 


4380-1 


2 


22824 


4482-8 


3 


22301 


4373-4 


3 


22859 


4480-6 


3 


22312 


4369-2 


5 


22882 


4475-9 


2 


22336 


4361-4 


4 


22922 


t4473-4 


2 


22348 


4360-4 


5 


22927 


4472-2 


4 


22354 


4351-6 


6 


22973 


4470-9 


3 


22360 


4350-2 


6 


22980 


4466-9 


7 


22380 


43471 


6 


22996 


4466-1 


2 


22384 


4346-0 


4 


23Q03 


4462-6 


2 


22402 


4341-7 


8 


23026 


4458-3 


5 


22424 


4335-5 


6 


23068 


4454-3 


6 


22444 


4333-4 


3 


23070 


4452-6 


6 


22452 


4329-8 


2 


23089 


4449-6 


2 


22467 


4328-4 


4 


23096 


4444-0 


4 


22496 


4326-1 


3 


23109 


4441-8 


2 


22507 


4326-0 


4 


23114 


4437-8 


3 


22527 


4318-4 


5 


23150 


4435-6 


4 


22538 


+4315-3 
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2 


23166 


44351 


4b 


22541 


2 


23178 


4433-7 


7 


22548 


4308-7 


5 


23202 



* Less refrangible than the Yttrium line 4678-8. 



t Double. 
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Thallium. 

Lecoq de Boisbandran, * Spectres Lnmineuz,* Paris, 1874. 
Bunsen, • PopK- Ann.* civ. p. 366 ; * Phil. Mag.' L p. 527. 
Hoggins, • Hiil. Trans.' cliv. p. 139, 1864. 
Thal6n, « Nova Acta Soa UpsaL' (IIL) vi. 1868. 
Schonn, * Ann. Phys. u. Chem.' N.F. ix. 483 ; x. 143. 
Liveing and Dewar, * PhiL Trans.' dxziv. p. 219, 1883. 
Hartley and Adeney, *Pha Trans.' clxxv. p. 104, 1884. 
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4s 




15270ft 




6240 
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2s 
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6947-7 






6nc 




16808^ 




5824 








2s 




17165ft 




5771 
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17323ft 


5680 




66081 




3n 


2sd 




17600a 
17826tf 




5487 


5490-1 
5412-6 
5360-1 






2sd 
4nd 
4sd 




182090 
18470c 
18661<y 


^5349 


6347 


5349-6 
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lOsc 


lOnc 


r 


18687<y 




5153 


5152-7 
5085-1 






8nc 
48d 




19405<9 
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6078-6 






6nd 




196860 




5054 


60531 






6sd 




197840 




4980 


4981-6 
4945-6 






6nd 
4sd 




200680 
202140 




4893 


4892-1 






4sd 




204350 




47«7 








2n 




20971ft 




4737 


t4735-6 






6nd 




211100 




Hartley 
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4270-6 ■ 






4d 




234100 






4152-7 






2d 




240740 




4112 


4109-4 
4057-2 
4009-2 
3932-7 
3790-0 






8d 

2sd 

2d 

8d 

2d 




243270 
246420 
249350 
254200 
263780 






3775-6 


3775-6 




lOsc 




2U7Scd 






3682-2 






2d 




271490 






3674-6 






2d 




272060 






3658-9 






4d 




273220 






3652-9 






4d 




273670 






3628-8 


3528-3 




lOsc 




2833l0<; 






3518-6 


3617-8 




lOsc 




284150^ 






3512-7 






2d 




284590 






3507-8 






2d 




284990 






3455-8 






8d 




289280 






3381-3 






8sd 




295660 






33691 






2d 




296730 






33474 






2d 




298660 


1 
I 




3299-6 






4d 




302970 
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Thallivm— continued. 
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4d 
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2d 
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4d 
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313720 






3162-6 






8d 




316100 
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4d 




317690 






3119-4 






4d 




320550 
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4d 




321300 
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4d 




321880 
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2943-9 
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2920-8 


29213 




8sc 
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2917-8 
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342620^ 
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2895-2 
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4nd 




350940 
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4d 




352410 






2825-4 


2825*8 




2sc 




353790£f 






2812-5 


2826-9? 




4nd 


n 


355450 




• 


2767-1 


2714-6 
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361270 
36826^ 






2709-4 


2710-4 




4so 
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2708-6 


2708-8 




8sc 
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2700-1 


2699-7 




4d 
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370270^ 






2669-1 






4d 




374660 






2665-0 


2665-0 
2652-3 
2609-4 
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r 
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37692^ 
38311^ , 






2608-7 


2608-6 




4nc 


8r 


BSB22od 






2579-7 






8sc 




387520 






2561-6 


25520 




4sc 


r 


391760^ 






2530-0 


2617-0 




8nc 


n 


395130 
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2477-7 






2sc 




403470 






2468-9 






6d 




405010 






2451-9 






8d 




407710 






2394-8 






6d 




417430 






2380-0 






8nc 




420030 






2364-8 






6d 




422720 






23431 






4nd 




426660 






22570? 






28d 




442930 






2299-3 






8sc 




434780 






2257-0 






4d 




442930 






2243-7 






4d 




446560 






2239-0 






4c 




446470 






2217-0 






4d 




450920 






22100 






4d 




452340 




i 2203-5 


1 


2d 




468680 


1 2139-0 


1 


4d 




467350 1 



• 6348-0 Mttller ; 4345-1 Ketteler ; 5352 Bernsu-d ; 5348 RUhlmann ; 5348*8 ICaaeart. 
t 4740-0 Hartley and Adeney. 
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Titanium — continued. 
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Comu 
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3509-9 


28482 


33470 


■ - 1 
29870 


3235-0 


30902 


3216-8 


31087 


3504-3 


28627 


3346-8 


29934 


3232-7 


30924 


3201-7 


31224 


3392-8 


29465 


3339-7 


29947 


3228-0 


30969 


3190-2 


31336 


3386-2 


29623 


3338-2 


30851 


32231 


31017 


3163-0 


31606 


33820 


29660 


3240-4 


30878 


3221-7 


31030 


3162-4 


31612 


3371-2 


29654 


3237-5 




3216-9 


31076 


3161-9 


31616 


3359-3 


29869 

1 


1 













* Double. 



Tungsten. 



Thal6n, * Nova Acta Soc. Upsal.' (III.) vl. 1868. 
Lockyer, * Phil. Trans.' clxxiii. 561 (1881). 
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Thal^n 


Thal^n 


58051 
67331 
5648-1 
5631-6 
55131 
5491-6 
5223-2 
5070-6 
5068-1 
50531 
5014-1 


49d 
6sd 
4sd 
2sd 

lOsc 
8sc 

lOsc 
6sd 
6sd 

lOsc 
6sd 


17221 
17437 
17700 
17762 
18133 
18204 
19140 
19716 
19725 
19784 
19938 


5007-1 
4981-1 
4887-6 
4842-1 
4680-6 
4660-6 
4659-6 
4302-0 
4295-0 
4269-0 


6sd 
4sd 
8sc 
lOsc 
2sd 
2sd 
2sd 
6sd 
6sd 
6sd 


19966 
20070 
20464 
20646 
21368 
21450 
21455 
23238 
23276 
23418 



Lockyer has observed the following lines in the ai;c spectrum of Tungsten between 
wave-lengths 3900 and 4000 :— 3982-4, 3979'8, 3978-3, 39639, 39542, 3952-1, 39340. 



Uranium. 

Thal6n, «Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Lockyer, * Proc. Koy. Soc' xxvii. 280 ; * Phil. Trans.' clxxiii. 561 (1881). 
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and 


Osc. Freq. 




Thal^n 


Lockyer 
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Thal^n 


Lockyer 


6913-1 




8sd 


16907 


5481-6 




56191 




6sd 


17791 


5479-6 




6579-1 




6sd 


17919 


5477-1 




5662-6 




6sd 


17972 


5474-6 




6527-1 




lOsc 


18087 


63841 




55091 




6sd 


18147 


50271 




5493-6 




lOsc 


18198 


4731-1 





Intensity 




and 


Osc. Freq. 


Character 




lOsc 


18237 


lOsc 


18244 


lOsc 


18253 


lOsc 


18361 


6sd 


18568 


6sd 


19887 


6sd 


21130 
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Tin. 

Kirchboff, * Abb. Berl. Akad.' 1861. 

Huggins, *Phil. Trans.' cliv. p. 139, 1864. 

Mascart, * Annales Scientifiques de I'^cole Normale,' iv. 1866. 

Tbal6n, * Nova Acta Soc. Upsal.' (m.) vi. 1868. 

Cornu, * Spectre Normal du SoleU,' Paris, 1881. 

Liveing and Dewar, ' Phil. Trans.* clxxiv. p. 219, 1883. 

Hartley and Adeney, * Phil. Trans.* clxxv. p. 104, 1884. 
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Intensity 
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Hartley 
and Adeney 


Liveing 
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I. 
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b 


c 


d 


e 








6840 




6837-4 






3n 




14621c 


6769 














14769» 


6573 














16209fl 


*6447 


t6452-3(3> 


6462-8 






lOnc 




16494^ 


*6798 


-f6798-13) 


6798-4 






lOnc 




17242J 


*5630 


•f5630-l(4) 








8sc 




17756* 


*5587 


•|-5688-6(3) 


5687-8 






lOnc 




17888* 


*5664 


t5662-6C3) 


6661-6 




• 


lOnc 


■ 


17972ft 


5366 


-f6368-6a) 








2sc 




18621J 


6347 


t5347-6a) 








48C 




18694J 


*5333 


-f5332-l(3) 








8nc 




18749* 


6328 














18763a 


5287 


t5289-6a) 








2sc 




18899* 


6224 


-f5224-2(2) 








4sc 




19136* 


5098 


t5100-6(«) 
t6021-l(i) 
f4923-l<i> 
-f4858-l(2> 


5100-0 






6sc 
28d 
4sc 




19600* 
19910* 
20306* 


4858 


4858-1 






6sc 




20568* 


4684 


f4584-6(i) 


4584-7 


4584-3 




8sc 




21806*^ 


*4623 


t4524-lW 


1 4523-9 


45240 
4324-6 
4216-3 
4057-0 
3961-8 
3947-0 
3906-6 
3859-0 
3800-3 
3783-4 
3779-0 
3763-9 




tlOnc 
2sd 
2sd 
2sd 
6sd 
2sd 
8sd 
8sd 
8sc 
8sd 
8sd 
6sd 




22098*^ 

23117^ 

2ZlUd 

2i&iU 

26233^ 

26328<^ 

25590^^ 

2o^0bd 

26306^^ 

26424^ 

26464/^ 

26560^ 








3746-1 
3734-4 
3727-0 
3707-6 
3686-7 
3667-6 
36556 
3623-9 
3616-9 
3609-3 
3598-3 
3574-0 
3549-7 
3539-3 




lOsd 
8sd 
6sd 
8sd 
2sd 
2sd 
2sd 
4sd 
4sd 
8sd 

lOsd 
8sd 
6sd 
4sd 




26694/i 
26770/i 
2^%2U 
26964^ 
27117rf 
27268rf 
21MU 
27686^ 
27640rf 
27698^ 
277824^ 
2mid 
28163<i 
28246^ 
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Tin — continued. 
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Spectrum 


Spectrum 
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Hartley 


Liveing 








Hartley 


Liveing 


T 


V w 




And Adenej 
d 


and Dewar 
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I. 


II. 




and Adeney 
d 


and Dewar 

e 


I- 


II. 




3514-8 




4sd 


28ii2d 


2660-2 


2660-7 


Ssc 


37576^ 


3487-3 




4sd 




28666<^ 


2657-9 




lOnd 




3761 2<i 


3471-1 




2sd 




28800^; 


1 2645-4 




Ssc 




37790^ 


3412-7 




88d 




29294^; 


j 2643-2 




lOnd 




37821^^ 


3390-4 




2sd 




29486^; 


' 


2636-5 






379185 


3351-8 




lOnd 




29826^; 


2631-5 




lOnd 




dlddOd 


32300 




lOsc 




S002ld 


2617-9 




Ssd 




38187^ 




33260 






30057<i 


1 2613-8 




4sd 




38247<i 


1 3314-6 




2sd 




30160<i 


2611-0 




4sd 




SS2S8d 


3282-9 




lOnd 




30452^ 


2606-3 




4sd 




3S35{d 


I 3261-6 


§32600 


lOsc 




30648<^ 


2598-5 




48d 




38472^ 


32450 




2sd 




30807^ 


2593-6 


2593-5 


6sc 




38545^5 


3219-6 




4sd 




31050^ 


2591-7 




68C 




38573^ 


3218-0 




4sd 




31066<^ 


2570-5 


2671-0 


Ssc 




38888^^5 


3174-3 


3175-0 


lOsc 




31489^ 


2563-2 




4nd 




39002^ 




3141-7 






31820^ 


2557-7 


2567-5 


4sc 




SdOS7de 


3140-6 




28d 




31831^ 


2545-6 


2546-1 


Ssc 




39267^ 


3122-3 
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Yttrium. 

Bunsen, * Fogg. Ann.' civ. 366 ; * Phil. Mag.' (4) 1. 527. 

Thal6n, * Om Spektra Yttrium, Erbium, Didym och Lanthan.* Stockholm, 1874. 
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* Doable. 



The spark spectrum of ammonia, according to Lecoq de Boisbaudran, shows one broad 
band at 6667 (6656'6 Schuster) which, with a finer slit, is resolved into two bands, 6681 
of intensity 7, and 6643 of intensity 8 (5686 to 5627 Schuster). Lecoq de Boisbaudran ob- 
tained the ' Flame Spectrum ' also by use of the spark ; its production appears to depend 
opon the presence of oxygen. 
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Babixtm Oxide. 

Leooq de Boisbaadran, ' Spectres Lumineux/ Paris, 1874. 
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* Duo to the nutal itaelf. 



Bismuth Chloride. 

Mitscherlich, -Ann. Chim. Phys.' (3) Ixix. 169, 1868. 
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Bismuth Oxide. 

Mitscherll^, 'Ann. Ghim. Pbys.' (3) bdz. 169 1868. 
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BoBON Tbioxidb. 

Thal^n, Upsala ' Uniyersitets Arsskrift/ 1866. 

Lecoq de Boisbaudran, * Spectres Lnmineux,' Paris, 1874. 
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Calcium Ghlobide. 

MitscherUch, 'Ann. Chim. Phys.* (3) ladx. 169. 1868. 
Lecoq de Boisbaudran, ' Spectres Lumineus,' Paris, 1874. 
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* Probably due to. the oxide. 



t Due to the metal. 
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Calcium Bbomide.. 

Mitscherllch, • Ann. Chim. Phys.' (3) Ixlx. 169, 1868. 
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Calcium Fluoeidb. 

Mitscherlich. « Ann. Chim. Phys.* (3) Ixix. 169, 1868. 
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Calcium Iodide. 

Mitscherlich, • Ann. Chim. Phys.* (3) Ixlx. 169, 1868. 
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Calcium Oxide. 

Lecoq de Boisbaudran, * Spectres Luminenx,* Paris, 1874. 
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Cabbon Hydbide (see Carbon). 

Angstrom and Thal6n, • Nova Acta Reg. Soc. Upsal.* ix. 1875. 

Piazzi-Smyth, *Phil. Mag.' (4) xlix. 24, 1875 ; (5) viii. 107 (1879). 

Watts, * Phil. Mag.* (4) xlix. 104 ; • Nature,* xxiii. 197, 266, 361. 

Attfield, * Phil. Mag.* (4) xlix. 106. 

Liveingand Dewar, *Proc. Roy. Soc.* xxx. 162, 490, 494 (1880); xxxiii. 403; xxxiv. 123, 

418 (1882); * Nature,* xxii. 620; xxiii. 265, 338; xxv. 645. 
Lockyer, * Proc. Roy. Soc* xxx. 335, 461 (1881). 
Wiillner, * Wied. Ann.* N.F. xiv. 355, 363. 
Hasselberg, • Wied. Ann.* N.F. xv. 45 (1882). 
Deslandres, * Ann. Chim. Phys.' (6) xiv. 5 (1888). 
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Cabbon Nitbidb. 

^ox-Tklbot, 'PhU. Mag.* (3) iv. p. 114. 

Draper. * PhiL Mag.' (3) xxxii. p. 108 (1848). 

Dibbits, • De Spectraal Analyse/ 1863 ; * Pogg. Ann.' czzii. 497 (1864). 

Morven, • Ann. Chim. Phys.' iv. 306 (1866). 

Plucker and Hittorf, * Phil. Trans.' civ. 1 (1866). 

MitscherUch, * Ann. Obim. Phys.' (3) bciz. 169 (1868). 

Watts, < Phil. Mag.' zzxviii. 249 (1869); zli. 12 (1871); * Nature/ zziii. 197, 266, 361. 

Herscfaell, ' Gorr. Math, et Phys. par Quetelet/ 6, p. 254. 

Wullner, • Pogg. Ann.' cxUv. 517 (1871). 

Liveing and Dewar, * Proc. Roy. Soc.' zxx. 162, 494 (1880) ; xxziii. 403 ;' zxziv. 123, No. 

223 (1882) ; * Nature.' xxiii. 265, 338. 
Lockyer, *Froc. Roy. Soc.' zzvii. 308; ' Studies in Spectrum Analysis.' 
Ciamician, * Wiener Berichte,' 1880. 
Wesendonck, « Wied. Ann.' N.F. xvii. 427 (1881). 
Piazzi-Smyth, • Nature,' xxviii. 340 (1883). 
A. S. Herschell, <Phil. Trans. Ed.' xxz. 154. 
Thal6n, « Le Spectre du Per ' (1884). 
Deslandres, « Ann. Chim. Phys.' (6) xiv. 5 (1888). 
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* *t^babl7 not connected with the presence of nitrogen.*— Litbimo & Dbwab, * Proc. Roy. Boo.* No. S39, 188S. 
t Observed also by MitsoherUch : 4212, 4107, 4182, 4170, 4159, 4147, 4136, 3859, 3847, 3839. 
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t Obserred also by Mitsoherlich : 4213, 4197, 418S, 4170, 
X * Probably due to nitrogen.'— Livsino and Dbwab, * 



4169, 4147, 4136, 3859, 3847, 3839. 
Proo. Boy. Soc* No. 323, 1883. 
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Cabbom Oxidx— continued. 



Watta 


AngstrOm and 
Tha1<^ 


Piazzi-Smyth and 
Ueracbell 


Intenaitj 
and 


Obc. Freq. 


a 


b 


c 


Character 




6370 




lb' 


186166 




6266 




lb 


189886 








[6198-7 


4b' 


192300^ 

192320 iqoqo^ 
192330 M^^SSaJc 

I92360J 


6198-4 


6197-0 




6198-2 


eb'i 








6197-7 


eb' 








lol97-2 


4b' 






5196-3 


2 


192390 






5196-7 


6 


192410 




Fine lines too close 


6196-0 


5 


192440 




to measure 


6194-2 


2 


192470 






5193-1 


2 


192510 






6192-3 


2 


192540 






5191-8 


2 


192560 






5191-2 


2 


192580 






/ 5190-6 
1 5190-0 


4 


192600 






4 


192620 






/ 6188-8 
16188-7 


6 


192670 






6 


192670 




5186-6 


5186-9 


12 


1927560 




6183-6 

• 


f 5184-9 
t 5184-3 


6 
6 


192810 
192830 




6181-5 


/ 5182-5 


6 


192900 




^^ ^ >^ ^ %^ 


\ 5181-7 


5 


192930 




6178-6 


? 6180-1 
16179-2 




5 


192990 
193030 




6176-0 


/61771 
16176-4 


5 
5 


193100 
193130 




6172-5 


/ 6174-1 
16173-0 


6 

6 


193220 
193260 




5169- 


5 5170-9 
I 6169-6 


5 


193330 




5 


193380 




6166-2 


5167-6 


5 


193460 






/ 6166-7 


2 


193490 






6166-9 


2 


193520 






- 5166-5 


2 


193540 






5165-2 


2 


193550 






V6164-6 


2 


193570 




5162-0 






193676 




6016-0 




lb' 


199346 


4836-6 


4833-5 

Fine lines too close 

to measure 


4836-5 


6b' 


2O674a60 




4822-5 




4b 


207306 




4820-3 




4b 


207406 




4818-1 




4b 


207496 




48160 




4b 


207686 




4813-5 




3b 


207696 




48110 




3b 


207806 




4808-6 




3b 


207906 




4805-7 




3b 


208036 




4802-8 




2b 


208156 




4799-4 




2b 


208296 




47960 




2b 


208466 




4792-5 




lb 


208606 




/ 4788-8 
1 4786 5 




r4b 
14b 


208766 


/ 






208906 



171 



Cabbon Oxide — eontbHud. 
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* *At the n^ative pole this band appears slightly displaoed tOTi'arda the blue— and of equal iutcusitj 
roQghout— not sharp towards the red.'— Schustbiu 

Chromium Ghlobide. 

Lecoq de Boisbandran, * Spectres Lamineox,' Paris, 1874. 
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* Double. 



Copper Chloride. 

Deacon, * Ann. Chim. Phys.' (4) vi. 1. 

Mitscherlich, * Ann. Chim. Phys.' Ixix. 169 (1863). 

Leeds, * Quart. Joum. Science,' Jan. 1871. 

Lecoq de Boisbaudran, ' Spectres Lumineux,' Paris, 1874. 
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4n 


17631 


4n 


17760 


7b, 


17971 


lOn 


18157 


3n 


18213 


5n 


18300 


9s 


18380 


2s 


. 184^ti 


\& 


\ Y^^a^ 



I 
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CoPPBB OnLORiDR—eontinued.' 



Flame Spectrum 


Intensity 
and Character 


Osc. Freq. 


Flame Spectrum 


' Intensity . 
and Character 


Obc Freq. 


Lecoq de 
Boisbaudran 


Leooq de 
Boisbaudran 


L6385 

5355 

1 5305 

fi t5260 

6239 

5210 

6148 

,r5087 

*X5049 

r4983 

*\4945 

,/4882 

•\4847 

. /4792 

^ \4757 


lOn 

4n 

8b 

9b/ 

7n 

2b, 
6b' 
7b' 
8b' 
9b/ 
8b/ 
9b/ 
9b/ 
7b/ 
6b/ 


18565 
18668 
18844 
19006 
19082 
19188 
19419 
19652 
19798 
20062 
20216 
20478 
20625 
20862 
21015 


4704 
4674 
4612 
4679 

*'»\4496 
r4436 

^» 1 4412 
/4353 

A r4281 

*'2X4260 

4217 

4192 

4125 


2b/ 

2b, 

2b/ 

6b/ 

8b/ 

8b/ 

9b/ 

9b/ 

9b/ 

8b/ 

7b/ 

6b/ 

3b/ 

lb/ 

lb' 


21252 
21389 
21676 
21832 
22107 
22236 
22536 
22658 
22966 
23083 
23352 
23467 
23706 
23848 
24230 



t Beooming 5269 -b. 



Copper Bbomidb. 

Diacon, * Ann. Chim. Phys.' (4) vi. 1. 

Mitscherlich, 'Ann. Chim. Phys.' Ixix. 169 ; « Phil. Mag.' xxviii. 169. 



Mitschcrlich 


Intensity and 
Character 


Osc Freq. 


Mitscherlich 


Intensity and 
Character 


Osc Freq. 


6215 


b' 


19170 


4537 


b' 


22034' 


5124 


b' 


19510 


4515 


b' 


22142 


6033 


b' 


19863 


4462 


b' 


22405 


4949 


b' 


20200 


4447 


b' 


22480 


4872 


b' 


20520 


4405 


b' 


22695 


4823 


b' 


20728 


4384 


b' 


22803 


4619 


b' 


21643 


4340 


b' 


23035 


4593 


b' 


21766 


4320 


b' 


23141 



Copper Iodide. 

Mitscherlich, 'Ann. Chim. Phys.' (3) Ixix. 169 (1868) ; • Phil. Mag.' xxviu. 169. 



Mitscherlich 


Intensity and 
Character 


Osc Freq. 


Mitscherlich 


Intensity and 
Character 


Osc. Freq. 


6393 
5314 
5232 
5144 




18537 
18813 
19107 
19434 


5073 
5018 
4959 

'&C. 




19706 
19922 
20159 
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Copper Oxide. 

Mitflcherlicb, 'Ann. Chim. Phys.' (3) Izix. 169 (1868). 

Diacon, • Ann. Chim. Phys.* (4) vi. 1. 

Leeds, * Quart. Jonm. Sdenoe/ Jan. 1871. 

Lecoq de Boisbandran, * Spectres Luminenx,' Paris, 1874. 



Flame Spectrum 


Intensity and Character 


OflcFreq. 


Lecoq de Boisbaudran 


r5370 

^5106 

L4946 


6b„ 
2b„ 
2b,. 


18616 
19579 
20212 



Cyanogen (see Carbon Nitride). 
Ebbiuh Oxide. 

Bonsen, • Fogg. Ann.' civ. 366 ; • Phil. Mag.* 1. 527. 

Lecoq de Boisbaudran, * Compt. Bend.' Izzvi. 1080; ' Spectres Lnmineoz,' Paris, 1874. 

Crookes, * Proc. Boy. Soc' xl. 77. 



Flame Spectrum 


Intensity 

and 
Character 


Osc. Freq. 
b 


Flame Siiectrum 


Intensity 

and 
Character 


Osc. Freq. 
b 


Bunsen 
a 


Lecoq de 

Boisbaudran 

b 


Bunsen 
a 


Lecoq de 

Boisbaudran 

b 


6619 
6404 


.r6609 

* ^6546 

6492 

6404 

y 5631 

5514 

6413 

/3 6387 

5346 

5264 


7n 
8n 
3n 

lb, 

8b4 

4b,. 

2n 

9b, 

3b, 

4b, 


15126 
16272 
15399 
15611 
17753 
18130 
18134 
18558 
18700 
18991 


6230 
4867 

• 


«/6228 
"\6204 
• 6123 

6038 
ri 4910 

4766 
c 4648 

4668 
C 4600 


9b, 

9n 

2b, 

lb, 

4b. 

lb, 

6b. 

2b. 

. 6b, 


19122 
19210 
19514 
19843 
20360 
21020 
21508 
21885 
22216 



Erbium Phosphate. 

Ban.<^n and Bahr, • Ann. Chim. Pharm.' cxxxvii. 1 ; « Ann. Chim. Phys.' (III.) 1866. 
Lecoq de Boisbaudran, ' Spectres Lumineux,' Paris, 1874. 



Flame Spectrum 


Intensity 

and 
Character 


Osc Freq. 


Flame Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


Lecoq de 
Boisbaudran 


Lecoq de 
Boisbaudran 


6913 

6694 

6697 

a 6526 

c 6432 

r5507 

^ 1 6463 


lb„ 

6b,o 

7n 

9b, 

7b, 

7b, 

8b, 


14461 
14934 
15154 
15319 
15543 
181.53 
18300 


6391 
« J 6238 
'^ 1 6208 
4928 
4878 
4667 


2b, 

9n 

9n 

6b. 

7b, 

6b„ 


18544 
19085 
19196 
20286 
20494 
21890 
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Gold Ohlobidb. 

MitscherUch, • Ann. Chim. Pbys.* bdx. 169 (1863). 
Lecoq de Boisbaadran, * Spectres Lamineax,' Fails, 1874. 
Demar^ay, ' Compt. Bend.* cvi. 1228. 



Flame Spectrum 


Intensity 

and 
Character 


Osc Freq. 


Flame Spectrum 


Intensiiy 


Osc Freq. 


Lecoq de 
Boisbaudran 


T<ecoq de 
Boisbaudran 


and 
Character 


5913 


4b^ 


16907 




f5179 


2n^ 


19303 


e 5752 


6b„ 


17083 


/3,H 


5158 


4s f'^" 


19382 


7 .5600 


8b, 


17852 


5141 


19446 




(5477 


3s ^ 
9n . 
6s r^' 
4s J 


18253 




15125 


9nJ 


19506 


/3|- 


5458 
5437 
5418 


18316 
18387 
18452 


9. 


r5102 
5080 
5063 


8n1 

6n 

3s 


b/ 


19594 
19679 
19745 


/5d64 


68 1 


18637 




5044 


6n 




19820 




5348 


9n 1 kt 
6n f V 


18693 


4996 


4b/ 


20010 


«r 


5328 


18763 


4516 


2b,o 


22137 




5311 


9nJ 


18823 


4430 


2b, 


22566 


, 5286 1 


4n 


18912 










5263 


9nl 

9n ^» 
6nJ 


18995 








a . 


5244 


19064 










5222 


19144 










15210 


19188 









Hydrogen Oxide (see Water). 
Iron Oxide. 

Mitscherlich, 'Ann. Chim. Phys.' Ixix. 169 (1863). 



Mitscherlich 


Intensity 
and Character 


Osc Freq. 


Mitscherlich 


Intensity 
and Character 


Osc Freq. 


6219 
6182 
6892 
5665 


lb' 

2b' 
4b' 
4b' 


16075 
16171 
16967 
17647 


5632 
5444 
5420 


5b' 
4b' 
2b' 


17750 
18363 
18445 



Lead Oxide. 

Mitscherlich, • Ann. Chim. Phys.' Ixix. 169 (1863). 

Leeds, * Quart. Joum. Science,' Jan. 1871 

Lecoq de Boisbaudran, * Comp. Rend.' Ixxvii. 1152; * Spectres Lumineux/ Paris (1874). 



Mitscherlich 


Lecoq de 
Boisbaudran 


Intensity 
and 


Osc 
Freq. 


Mitscherlich 


Lecoq de 
Boisbaudran 


Intensity 
and 


Osc 


a 


b 


Character 


a 


b 


Character 


Freq. 


6265 




2b' 


19557a 


5144 




4b' 


19434a 


6196 




2b' 


16135a 


4993 




4b' 


20022a 


5997 




2b' 


16670a 


4913 




4b' 


20348a 


5955 




2b' 


16788a 


4880 




3b' 


20486a 


5892 


5904 


3b' 


169332* 


4852 




3b' 


20604a 


5665 


5684 


4b' 


17588ft 


4825 




3b' 


20719a 



175 
Lead Oxidb — continued. 



MitscherUch 
a 


Leooq de 

Boisbaodran 

ft 


Intensity 

and 
Character 


Osc 
Freq. 


Mitacherlich 
a 


Lecoqde 

Boiabandran 

ft 


Intensity 

and 
Character 


Osc 
Freq. 


5616 
6460 
6414 
6328 
6273 
6220 


6610 
6460 


4b' 
6b' 
5b' 
5b' 
5b' 
4b' 


17820ft 

183lOaft 

18465a 

18763a 

18959a 

19161a 


4664 
4693 
4468 
4381 
4296 




2b' 
2b' 
2b' 
lb' 
lb' 


21434a 
21766a 
22376a 
22819a 
23270a 



Magnesium Htdbide. 

liiveing and Dewar, • Proc. Roy. Soc.' xxvii. 294 ; xxx. 93 ; zzxii. 196. 
Ciamician, * Sitznngsber Akad. Wissensch. Wien.' 1880, p. 437. 



Liveing and 
Dewar 


Intensity and 
Character 


Osc Freq. 


Liveing and 
Dewar 


Intensity and 
Character 


Osc. Freq. 


5618 


%\f 


17794 


6210 


lOb* 


19188 - 


&c. 






&c. 






5566 


8b' 


17961 


5180 


lOb' 


19299 


&c. 






&c. 






5513 


8b» 


18134 








6512 


%\/ 


18137 


4849 


8b» 


20617 


5611 


W 


18140 


&c. 






&c. 






4803 


8b» 


20814 



Magnesium Oxide. 

Lecoq de Boisbaudran, * Spectres Lumineux,* Paris, 1874. 

Watts, « Phil. Mag.' 1875. 

Liveing and Dewar, *Proc. Roy. Soc.' No. 187 (1878). 



Lecoq de 

Buisbaudran 

a 


Watts 
ft 


Liveing and 

Dewar 

c 


Intensity and 
Character 


Osc Freq. 


6006 
4994 
4984 
4974 
4966 
4968 


6006-5 

4996-5 

4986-7 

4974-7 

4963-7 

4948-7 

4934 

4924 

4914 


6000 
4990 
4980 
4969 
4967 
4945 
4930 

4797 


8b'x 

7b' 

6b' 

4b' 

2b' 

2b' 

lb' 

lb' 

Ib'J 


'V 


19968ft 
20008ft 
20061ft 
20096ft 
20140ft 
20201ft 
20261ft 
20302ft 
20343ft 
20839c 
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Strontium Chlobidb. 

Mitsoherlich, 'Ann. Chim. PhyB.» bdx. 169 (1863). 

Lecoq de Boisbaadran, * Spectres Lamineaz,* Paris (1874). 

Bunsen, • Phil. Mag/ (4) 1. 533 ; • Pogg. Ann.' dv. 280 (1875). 



Flame Spectrum 


Intensity 
and Character 


Osc Freq. 


Lecoq d« Boisbaudran 
a 


Mitscherlich 
6 


76729 
/36598 
•[86464 
a6350 
c6233 


6718 
6609 
6472 
6336 
6195 


8b, 
9b4 
5n] 
9bi 
6n 


14857a 
15152a 
15466a 
15743a 
16039a 



* Appean to be due to the Oxide. 



Strontiuh Bbomidb. 

Mitscherlich, 'Ann. Chim. Phys.* Ixix. 169 (1863). 



Mitscherlich 


Intensity 


Osc. Freq. 


Mitscherlich 


Intensity 


Osc. Freq. 


6735 
6637 
6583 
6537 


5s 
5s 
2n 
2n 


14843 
15063 
15189 
15293 


6488 
6402 
6336 


5s 
3s 
2s 


15409 
15615 
15778 



Strontium Fluoride. 

Mitscherlich, « Ann. Chim. Phys.* Ixix. 169 (1863). 



Mitscherlich 


Intensity 


Osc Freq. 


Mitscherlich 


Intensity 


Osc Freq. 


6609 
6501 


8n 
8n 


15127 
15378 


5807 
5783 


4s 
4s 


17216 
17287 



Strontium Iodide. 

Mitscherlich, * Ann. Chim. Phys.* Ixix. 169 (1863). 



MiUcherlich 


Intensity 


Osc. Freq. 


Mitscherlich 


Intensity 


Osc. Freq. 


6724 
6664 


5s 

5s 


14868 
15001 


6559 
6468 


48 

3s 


15242 
15456 



euggin. 


Liveing aad Dewnr 


Intensity Bnd 
Cbaiacter 


Oacillation rrdqoBiicy 




31260 




319806 




3124 8 




3I99S& 




31236 




32005ft 


31226 


31222 




32018* 




3131-3 




320286 




3119-3 




320496 


81 IT 


3117-4 




320676 




31168 




320766 




3114-3 




321006 




3U2'8 




321106 


3111 


3111-5 




321286 




3109-7 




321476 




3108-B 




321666 




3107-0 




3217S6 




3106-0 




3218S6 


31 OB 


3105-3 


Gd 


321936 


3102 


( 3102-7 
\3101-6 




332206 




322316 




3100-6 




332416 


3099 


3099-0 




322586 




3098-3 




322666 




3096-3 




322866 




3095-8 




333916 




3094-8 




323026 


3094 


3094-2 




323086 




3092-0 


En 


323316 




3090-6 




333466 


3090 






323516 




3089-3 




323606 




3086-7 




323886 




3085-a 




323976 




3084.6 




324106 




3082-6 




324316 


3082 


3081 fl 




324486 


soao 


3079-3 




324656 


3077-5 


f 3077-9 
\ 3076-6 




32480* 
324946 


307 ■11 

3073/ 


3074-4 




325176 


3073-8 




325236 


3072-6 




326366 




3071-5 




326486 




3070-0 




33S646 


3068 


3()fi8-2 




325836 




3067-2 


Eb' 


335!I36 




3066-6 




326126 




30R4-6 




326216 




30(i;i-9 




326296 


3062 


30li3-3 
Second Series 


Cb' 


326366 




30S7-4 




32697* 




3062-7 




327486 




3048-3 




32792* 




30439 




328+36 




3039-9 




32886* 




3033-1 


2 


329606 
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Water— oMfioKMf. 



Liveing 
andDewar 


Intensity 
and Character 


Ofl&Freq. 


Liveing 
and Dewar 


Intensity 
and Character 


OscFreq. 


3030-3 


2 


32990 


2945-2 


4 


83943 


30276 




83020 


2944-2 


In 


33955 


3025-2 




33046 


2940-6 


4n 


33991 


3023-4 




33066 


2940-3 


8 


84000 


3022-5 




33075 


2938-6 


1 


84021 


30220 




33081 


2937-8 


4 


34029 


3021-4* 




33088 


2937-2 


8 


34036 


3020-9 




33093 


2936-5 


4 


84044 


3016-6 




33140 


2936-2 


4 


84059 


3012*9 




83181 


2933-5 


4 


84079 


3008-5* 




33229 


29310 


1 


84108 


3006-3* 




83266 


2929-9 


4 


84120 


3001-9 




83302 


2927-6 


2n 


34147 


2998-7 




33338 


2927-1 


4 


34163 


2997-8 




33348 


2926-3 


3 


34162 


2996-6 




33361 


2924-8 


1 


34180 


29948 




33381 


2924-4 


3 


34185 


2992-9 




33402 


2923-8 


2 


84191 


2991-7 




83416 


2921-5 


3 


34219 


2990-5 




33429 


2919-8 


4n 


34238 


2988-5 




33461 


2918-6 


2 


84264 


2987-2 




83466 


2918-2 


8 


34267 


2985-7 




33483 


2916-3 


4 


34279 


2983-8 


In 


83604 


2915-7 


4 


34286 


2982-9 




33514 


2913-6 


4n 


34313 


2982-2 




33522 


2912-9 


4 


34319 


2980-2 


4n 


83646 


2911-4 


4 


34337 


2979-4 


4n 


33564 


2909-4 


2 


34360 


2977-8 


4n 


33572 


2908-3 


4 


34374 


2975-1 


4n 


33602 


2907-3 


4 


84386 


2973-9 




33616 


2906-6 


2 


84394 


2972-2 




33635 


2906-0 


1 


34401 


2971-1 




33647 


2903-7 


6 


34428 


2970-7 




33652 


2902-6 


8 


34442 


29700 




33660 


2900-9 


2 


34461 


2968-5 




33677 


2900-2 


4 


34470 


29680 




33682 


2899-6 


2 


34474 


2967-1 




33693 


2898-8 


2 


34486 


2966-5 




33700 


2898-1 


3 


34495 


2965-5 




33711 


2897-6 


4n 


34501 


2962-9 




33740 


2897-1 ? 


1 


34507 


29621 




33750 


28961 


8 


34518 


29600 




33773 


2894-2 


1 


34541 


2958-9 




33786 


2893-5 


4n 


34549 


2957-1 




33807 


2892-9 


2 


34667 


2956-3 




33816 


2890-8 


10 


34582 


2955-5 




33825 


2890-2 


4 


34589 


2954-6 


In 


33836 


2889-8 


4 


34594 


2953-2 




33851 


2889-2 


1 


84601 


2952-5 




33859 


2888-5 


1 


84609 


2951-7 




33868 


2887-5 


3 


34621 


2951-2 




33874 


2886-3 


1 


34636 


2950-7 




33880 


2886-1 


1 


34638 


2950-1 




33888 


2885-3 


4 


84648 


2948-5 




33905 


2884-2 


4 


34661 


2947-5 


Hn 


33917 


2882-5 


4 


34681 


2946-6 




33928 


2881-8 


4 


34690 
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WATKhr-^eontinudd. 



1 Liyeing 
and Dewar 


intensitj 
and Character 


Osc. Freq. 


Liyeing 
and Dewar 


Intensity 
and Character 


Ose. Freq. 


2881-1 


1 


84698 


2815*6 


8 


35606 


2880-3 


2n 


34708 


2814-9 


2 


35614 


2878-3 


6n 


34733 


2813-6 


In 


85532 


2876-8 


4n 


34762 


2812-4 


In 


85546 


28760 


6n 


34772 


2812-1 


1 


86549 


2871-9 


4 


34809 


2811*7 


1 


85664 


2871-6 


4 


34814 


2811-3 


1 


35659 


2869-5 


4 


34838 


2811-2 


4 


85661 


2868-3 
28660 


4 
4 


34853 
34881 


Third Series 






2866-6 


1 


34887 


2806-8 


2 


86616 


2863-3 


4 


34914 


2806-4 


1 


85634 


2861-7 


4 


34933 


2804-2 


1 


35649 


2860-3 


4 


34962 


2802-9 


2 


85666 


2869-4 


4 


34963 


2799*8 


4 


35705 


2857-6 


4 


34983 


2797-6 


1 


86733 


2856-4 


4 


36010 


2796*9 


2 


86742 


2864-9 


4 


36016 


2796-7 


1 


35768 


2853-9 


4 


36029 


2793*8 


2 


35782 


2852-2 


5 


86060 


2791-7 


1 


86809 


2860*2 


4 


36074 


2790*5 


2 


85824 


2849-6 


4 


85083 


2789-8 


1 


86833 


2848-8 


4 


86091 


2789-1 


1 


86842 


2847-4 


4 


86110 


2788-8 


1 


86863 


2846-3 


4 


86122 


2787-7 


1 


86860 


2846-4 7 


1 


86133 


2786*5 


8 


86876 


2844-4 


6 


36146 


2284-8 


1 


86898 


2843-1 ? 


1 


36162 


2783-2 


8 


86918 


2842-7 


4 


86167 


2780-7 


1 


35951 


2842-2 


4 


86178 


2779-2 


2 


36970 


28410 


4 


86188 


2778-6 


1 


86978 


28401 


1 


36199 


2777-4 


1 


86993 


2838-8 


10 


85214 


27761 


2 


36010 


2836-7 


2 


35241 


2774-9 


2 


86026 


2836-8 


2 


36262 


2773-8 


1 


36040 


2836-0 


2 


85262 


2772-3 


1 


36059 


28340 


1 


36275 


2770-9 


1 


86078 


2833-3 


2 


85283 


27700 


1 


36089 


2831-4* 


4 


36307 


27691 


1 


36101 ' 


2829-8 


4n 


36327 


2768-2 


1 


36113 


2829-2 


1 


36334 


2767-3 


1 


86126 


2828-7 


5 


36341 


2766-3 


2 


36138 


2828-3 


In 


36346 


27641 


3 


36166 


2826*3 


4 


35371 


2762-6 


1 


86186 


2826-2 


Sn 


36384 


2761-4 


3 


86202 


2824-8 


4 


35389 


2759-8 


3n 


36223 


2824-0 


1 


36400 


2758-9 


1 


86234 


2822-3 


3 


35421 


27570 


3 


36269 


2821-8 


4 


36427 


2754-7 


1 


36290 


2821-2 


1 


35436 


27531 


2 


36311 


2820-7 


1 


36441 


2750-9 


2 


36340 


2820-1 


5 


35448 


2748-3 


3 


86374 


2819-3 


1 


35458 


2745-9 


3 


36406 


2818-7 


3 


36466 


2742-7 


1 


36448 


2818-2 


1 


35472 


2740-2 


3 


36482 


28171 


4 


35186 


2737-8 


3 


36514 


2816*1 


3 


35499 


2736-5 


2 


36646 
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Watkb — oontiMUtd. 



Liyeing 
and Dewar 


Intensity 
and Character 


Osc Freq. 


Liyeing 
and Dewar 


Intensity 
and Character 


Osc Freq. 


2734-3 


1 


36660 


2662-6 


1 


37688 


27330 


2 


86678 


2651-3 


4 


37706 


27321 


3 


86590 


2660-7 


1 


37714 


2730-6 


2 


36611 


2648-2 


4 


37760 


2729-9 


1 


86620 


2645-7 


4 


37786 


2728-2 


2 


86643 


26441 


1 


37809 


2726-1 


3 


36672 


2643-2 


2 


37821 


2724-8 


2 


36689 


2642-2 


1 


37836 


27236 


3 


36707 


2640-5 


4 


37860 


2721-6 


2 


36732 


2638-5 


3 


37889 


2719-8 


3 


36767 


2636-9 


1 


37912 


2718-2 


1 


36765 


2636-7 


3 


37929 


2717-2 


3 


36792 


2684-8 


2 


37942 


2716-8 


2 


86816 


26333 


1 


37964 


2714-5 


3 


36828 


2632-4 


1 


87977 


2713-6 


1 


36841 


2631-3 


5n 


37993 


2711-6 


3 


86867 


2628-3 


1 


38086 


2710-6 


1 


36881 


2627-7 


1 


38044 


2709-6 


8 


36896 


2627-2 


1 


38062 


2707-2 


1 


36928 


2625-9 


2 


38071 


2706-2 


2 


86941 


2624-3 


4n 


38094 


2706-2 


2 


36965 


2623-3 


1 


38108 


2704-3 


1 


86967 


2622-8 


1 


88118 


2701-6 


4 


37004 


2622-2 


1 


88124 


2699-7 


1 


37030 


2621-4 


2 


38136 


2698-8 


8 


37042 


2620-6 


1 


38148 


2697-8 


In 


37066 


2618-9 


8 


38172 


26961 


1 


37080 


2618-1 


1 


38184 


2696-4 


2 


37089 


2617-7 


1 


38190 


2693-8 


2 


37111 


2617-0 


1 


38200 


2693-2 


1 


37120 


2616-6 


1 


38207 


2692-5 


1 


37133 


2615-7 


1 


38219 


2691-7 


2 


37140 


2614-9 


8 


38222 


2690-6 


2 


37157 


2613-6 


2n 


88261 


2688-9 


3 


37179 


2612-6 


1 


38266 


2687-7 


2 


37195 


2611-0 


2 


38287 


2687-2 


1 


37202 


2609-7 


1 


38307 


2686-4 


1 


^7214 


2608-9 


1 


38319 


2685-6 


2 


37226 


2608-4 


8 


38326 


2684-8 


1 


37235 


Fourth Series 






2683-2 


lb 


37258 


^k ^^ *• * ** ^"^ ^'^ ^^^ ^ ^0%^ 






2681-8 


1 


37274 


2605-2 




38373 


2H80-9 


2 


37290 


2603-2 




38402 


26790 


1 


37316 


2600-9 




38436 


2678-2 


1 


37327 i 


2598-6 




38470 


2677-3 


.3 


87340 ; 


2596-4 




38503 


2675-8 


1 


37361 ; 


2594-6 




38680 


2673-2 


3 


37397 


2592-8 




88566 


26711 


4 


37427 


2591-3 




38579 


2668-1 


2 


37469 


2689-1 




38612 


26660 


2 


87498 


2687-1 




38641 


2663-9 


3 


37628 1 


2584-4 




38682 


26609 


1 


37570 


2582-8 




38703 


2659-7 


2 


37587 1 


2582-1 




38716 


2657-4 


4 


37619 


2580-9 




38734 


2654-3 


1 


87663 


2578-3 




88773 


2663-8 


2 


37675 


2576-7 




38797 



Water — contin/ued. 



Livp.ing 
and Dewar 


Intensity 
and Character 


Osc. Freq. 


Liveing 
and Dewar 


Intensity 
and Character 


Osc. Freq. 


2674-5 


1 


88830 


2474-6 


1 


40399 


2573-4 


1 


38847 


2471-9 


3 


40442 


2670-4 


1 


38892 


2469-6 


2 


40481 


2669-1 


2 


38912 


24671 


1 


40520 


2567-0 


2 


38944 


2465-9 


1 


40540 


2565-6 


1 


38965 


2464-5 


1 


40563 


2562-6 


2 


89011 


2462-8 


3n 


40591 


2659-6 


4 


39056 


2461-7 


1 


40609 


2556-4 


3 


39105 


2460-0 


1 


40637 


2553-4 


4 


39161 


2459-2 


1 


40050 


2660-3 


3n 


39199 


2457-7 


2 


40675 


2UT7 


3 


39239 


24560 


3 


40703 


2646-6 


1 


39271 


2464-7 


3 


40725 


2542-7 


1 


39316 


2463-3 


1 


40748 


2640-2 


1 


39366 


2452-2 


1 


40766 


2538-9 


1 


39375 


2450-9 


2 


. 40788 


2537-7 


2 


39393 


2449-3 


8 


40815 


2536-6 


4 


39413 








2534-1 


2 


39449 


Fifth Series 






2531-4 


1 


39490 








2630-2 


3 


39510 


2448-4 


1 


40830 


2629-2 


1 


39526 


2446-5 


1 


40862 


2524-2 


2 


39604 


2445-4 


1 


40880 


2521-7 


2 


39643 


2443-2 


1 


40917 


2619-8 


2 


39673 


2441-6 


1 


40947 


2517-6 


2 


39708 


2440-3 


2 


40966 


2616-1 


1 


39747 


2438-7 


2 


40992 


2513-1 


1 


39779 


2437-2 


1 


41017 


2511-2 


1 


39809 


2435-9 


1 


41039 


2510-5 


1 


39820 


2433-9 


In 


41073 


2509-8 


1 


39831 


2433-3 


1 


41083 


2609-1 


1 


39842 


2431-8 


In 


41108 


2508-1 


1 


39858 


2431-2 


In 


41118 


2506-8 


1 


39879 


2429-7 


2 


41144 


2505-6 


1 


39898 


2428-1 


2 


41171 


2505-2 


1 


39904 


24270 


1 


41190 


2504-4 


1 


39917 


2425-7 


3 


41212 


25040 


1 


39923 


2422-4 


1 


41267 


2503-7 


1 


39928 


2421-6 


1 


41281 


25031 


2 


39938 


2419-8 


1 


41309 


2501-4 


2 


39965 


2418-0 


1 


41343 


2499-8 


1 


39990 


2416-2 


2 


41374 


24980 


2 


40019 


2414-8 


1 


41398 


2496-3 


2n 


40046 


2414-3 


1 


41406 


2495 6 


1 


40057 


2412-6 


In 


41435 


2493-8 


1 


40087 


2412-0 


1 


41446 


2492-3 


1 


40111 


2410-1 


1 


41478 


24911 


3 


40130 


24090 


1 


41497 


2489-3 


2 


40169 


2407-6 


1 


41623 


2487-2 


2 


40193 


2406-5 


1 


41540 


2485-8 


1 


40212 


2405-3 


1 


415(51 


2484-9 


1 


40230 


2404-1 


1 


41582 


2483-7 


1 


40249 


2403-2 


1 


41697 


2482-6 


2 . 


40267 


2402-4 


2 


41611 


2480-7 


1 


40298 


2399-3 


2 


41665 


2479-3 


1 


40321 


2398-6 


1 


41677 


2477 6 


1 


40350 


23980 


1 


41687 
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Wateb — aonHnved. 



LiyeiDg 
and Dew&r 


Intennitj 
and Character 


OscFreq. 


Liyeing 
and Dewar 


Intensily 
and Character 


1 
t 

Osc. Freq« 


2396-3 




41717 


2360-6 




42350 


2394-8 


1 


41743 


2357-7 




42402 


2393-5 


1 


41766 


2356-6 




42421 


2391-6 




41799 


2356-5 




42441 


2390-7 




41815 


2354-1 




42466 


23870 




41880 


2361-6 




42510 


2386-7 




41902 


2347-6 




42586 


2384-3 




41927 


2345-6 




42620 


2383-0 




41950 


2342-1 




42684 


2381-9 




41969 


2337-6 




42768 


2379-6 




42010 


2332-2 


In 


42865 


2378-6 




42027 


23311 


In 


42885 


2376-6 




42063 


2323-8 




43020 


2376-6 




42082 


2316-2 


* 


43159 


2374-9 




42093 


2310-1 


1 


43276 


2373-6 




42116 


2307-5 




43322 


2372-8 




42130 


2300-8 




43450 


2371-2 




42159 


2297-0 




43522 


2368-6 




42205 


2283-6 ? 




43779 


2366-1 




42249 


2272-2? 




43996 


2365-1 




42267 


2268K) 




44078 






* Double:— the mean of pair. 




N.B.- 


-Intensity 1 in second series is not more than 6 in first series. 




.. 1 . 


, third „ „ 


6 in second „ 




.. 1 , 


, fourth and fi 


f th „ 


5 or 6 in third „ 



Air (Absorption). 

(Tellnric Fraunhofer Lines.) 
o 
Angstrom, * Kecherches sur le Spectre Solaire,* Upsal, 1868. 

Piazzi-Smyth, • Madeira Spectroscopic,' 1882. 

Fievez, * Spectre Solaire,' Bruxelles, 1883. 

EgorofiP, * Compt. Rend.' xcvii. 555 ; ci. 1143 (1885). 

Hautefeuille and Chappuis, * Compt. Bend.' xciii. 80. 

Langley, * Comp. Rend.' xcvii. 556. 

Cornu, * Ann. Chim. Phys.' (6) vii. 1, 1886; 'Compt. Rend.' xcv. 801. 

Abney, * Proc. Roy. Soc' No. 348, 1885 ; * Compt. Rend.' xcvii. 1206. 



o 

Angstrbm 
a 


Fieves 
b 


Piazzi-Smyth 
c 


Coma 
d 


Intensity 


Osc. Freq. 




7699-9 
7689-4 


7682-3 \ 
7680-7 / 
76800 
7677-3 \ 
7676-3 / 
7670-0 \ 
7668-6 / 


7690-5 \ 
7689-1/ 
7683-8 1 
7682-6/ 
7680-1 
7677-6 \ 
7676-4/ 
7671-5 ) 
7670-2/ 


1 
1 
1 
2 
2 
4 
4 


12999<2 
130024 
130114 
130134 
130174 
130214 
130234 
130324 
130344 
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AlB (Absobftion) — eonttHued. 



t 

Ingstrdm 


Fieves 


Piazzi-Smyth 


Coma 


Intensitj 


OK.Freq. 


a 


b 


c 


d 




■ 






7665-6 \ 
7664-2 / 


7666-6 \ 
7664-6/ 


6 


13042^; 




7683-9 


6 


13043^ 




7679-1 \ 
7678-3 / 


7660-0 \ 
7658-9 / 


76600 \ 
7668-9/ 


7 


13061 i 




7 


13063^ 




7668-3 \ 
7667-4 / 


7654-2 \ 
7653-4 / 


7664-7 \ 
7663-6/ 


8 


13060<2 




8 


13062<; 




7662-9 \ 
76620 / 


7649-8 \ 
7648-8 / 


7649-7 \ 
7648-4/ 


9 


13069^ 




9 


1307 l<i 




7657-9 \ + 
76570 / + 


7645-0 \ 
7643 9 / 


7644-7 \ 
7643-6/ 


10 


n077d 




10 


ISOldd 




7652-9 1 
7651-9 / 


76410 \ 
7639-8 / 


7640-2 \ 
7639-0/ 


12 


13086<; 




12 


13087<^ 




7648-2 \ 
7647-2 / 


7636-6 \ 
7636-1 / 


7636-8 \ 
7634-7/ 


12 


U092d 




12 


130941^ 




7643-8 \ 


7632-9 \ 
7631-8 / 


7631-6\ 
7630-4 r 


10 


13100^ 




7643-1 / 


10 


. 13102rf 




7639-3 \ 


7629-0 1 
7627-8 J 


7627-5 \ 
7626-2 / 


9 


13107<« 




7638-4 / 


9 


13109^ 




7631-8 \ 
763] -2 / 


7625 2 \ 
7624-1 / 


7623-6 \ 
7622-4/ 


9 


13113^^ 




9 


mi5d 


76300 


7628-2 


7621-6 


7620-2 


10 


13119<; 




7623-2 \ 
7622-1 / 


7617-9 \ 
7616-6 / 


7616-4\ 
7614-2/ 


6 


13127rf 




8 


13130<f 




7620-3 \ 
7619-3 / 


7614-5 \ 
7613-2 / 


7612-5 \ 
7611-2/ 


8 


13132^ 




8 


13136^ 




7617-5 \ 
7616-3 / 


7611-9 \ 
7610-9 / 


7609-7 


8 


nuid 




7608-6 


8 


13139^ 








7607-1 


9 


13142<; 








76060 


9 


13144^; 








7604-8 


9 


13146^ 








7603-6 


9 


13148ii 








7602-8 


9 


13149^; 








7601-6 


8 


13151^ 








7600-9 


8 


13163<? 




7613-4 1 


i 




7699-7 


6] 


13166£; 




7612-4 
7611-0 


► 


7605-4 


7599-4 
7598-1* 


9 %-9 


131 66e; 
13157<^ 


7604-0 


7609-3 






7696-7 


6j 


13160<i 




7607-2 


76000 


7696-6 


7 


}3\62d 




7604-5 


7698-6 


7595-0 


6 


13163<^ 




76020 T 




7594-4 




13164^; 




7601 J. 


7696-0 


7593-7 


8b0., 


13166<; 




t7600-l J 




76930 


V w 


13166<; 


7315-1 


7314-5 




^ 




13668& 




7312-6 








13671& 




7311-2 








13674& 




7310-2 








13676& 




7308-4 








13679^ 


7307-4 


7307-8 








1 3680d 




7304-5 








13686J 


- 


7301-0 








13693J 


r300-4 


7300-2 






8 


13694J 




7298-2 






1 


13698 J 




7297-6 






8 


' 13699& 


: 7644-3 ^ 


ibney. 


• Doi 


ible. t 7698-; 


r Abney. a, ( 


iue to Oxygen, 1 


Igoroil. 
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Am (Absobption)— ooMtittKAf. 



Xngstrdm 

a 


Fieyes 
h 


Piiusf-SmTth 

e 


Oonni 
d 


Intensity 


OscFieq. 








6929-6 


1 


14A27d 








t6928-9 


8 


Ui2Sd 








6928-6^ 


4 


14429if 








t6928-3 1 


9 


14429i 








•f6928-l f 


6 


14430<; 








6927-7J 


6 


14431^ 








t6925-7 


•8 


14435^ 








•f6923-4 


8 


]4440i 








6923-2\ 
6922-3 / 


4 


14440^ 


J 6922-4 


6922-2 


6922-7 \ 
69220 / 


4 


14442^ 


6921-2 


69180 \ 
69171 / 


5 


14461^ 






6917-4 \ 
6916-5 / 


6917-8 1 
6917-0 / 


6 


14453^ 




6917-1 


6916-6 


2 


14454^ 










6914*4 


2 


14458^ 






♦6913-6 T 


♦6913-0 ") 


6913-1 \ 
6912-2/ 


6 


14461i 






6912-8 \ 


6912-8 \ 


6 


14463^ 




69121 


6912-0 J 


6912-0 J 










6908-6 \ 


6908-2 \ 
6907-0 / 


6908-4 \ 
6907-5 j 


6 


1447W 




6907-8 


6907-6 / 


6 


14473i 






6904-5 \ 
6903-4 / 


6903-6 \ 
6902-5 / 


6904-0 \ 
6903-0/ 


6 


14480i 




6903-2 


7 


14482^ 






6901-2 \ 
6899-9 / 


6899-4 \ 
6898-4 / 


6899-8 1 


7 


14489i 




r 68990 
\ 6898-5 


6898-9/ 


8 


14491i 




6897-0 \ 
68960 / 


6895-6 i 
6894-6 / 


6895-9 \ 
6895-0/ 


8 


14497i 




/ 6895-4 
\^ 6894-8 
/ 6891-8 
\ 6891-0 
6888-0 


9 


14499(2 




6893-6 \ 
6892-6 / 


6891-8 \ 
6890-8 / 


6892-3 \ 
6891-3/ 


10 


14505i 




10 


U507d 




6890-2 \ 
6889-2 / 


6888-2 \ 
6887-1 / 


6888-9 \ 
6887-9/ 


10 


U5l2d 




9 


U51id 




6887-2 


6886-9 \ 
6885-9 / 


6885-2 \ 
6884-3 / 


6885-7 \ 
6884-7 f 


9 


14519^ 


B 


6886-1 


8 


14521^ 


6884-3 


6883-9 


6882-0 


6882-8{ 


8 


li525d 




6882*2 


6880-2 




t6888-0 


9 


145 




6878-2 


6877-9 


6877-9 


6878-9 


3 


14633^ 






6877-0 


6877-2 


6878-0 


6 


14535i 






6876-9 


6876-0 


6876-6 


6 


U53Sd 






6875-0 


6875-3 


6874-5 


7 


14642^ 






6873-9 


6874-3 


6873-6 


6 


UB^id 






6873-0 


6873-4 


6872-7 


6 


14546^ 






6872-2 


6872-5 


6871-8 


6 


14648<2 






6871-5 


6871-5 


6871-2 


9 


14660<2 




6871-0 


6871-1 


6870-8 


6870-2 


9 


U551d 






6870-6 


6870-0 


6869-8 


6 


U552d 




6869-9 


6869-8 
6869-2 


6869-7 


6869-0 
6868-8 


6 


li56id 
U65id 






6868-8 


6868-9 


6868-5 


6 


U556d 






6868-1 


/ 68680 


68680 


6 


U556d 




6867-1 


6867-5 


6867-5 


6867-8 


6 


14556^ 












' 6867-5 


6 


U557d 








^% tf% ^%09 4 




6867-1 


12 


U55Sd 








6867-1 

• 




*6867-0 
I 6866-8 


8 
4 


U65Sd 
URbdd 


\ 




6866-7 


6866-5 


9 


U559d 






6866-6 


4 


14559^ 






\ 6866-3 


6866-2 


9 


14560^ 




B, due to Oxyg 


0n, Egorofl. • 


Solar, Cornu. f 


du< 


3 to water- vapour, 


Cornu. X 'Ri 


lie Isolde.* 
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Ais {AXBORmoxy-eontin'ued. 



AngstrSm 


Fievez 


Piazzi-Smyth 


Coma 


Intensity 


Obc. Freq. 


a 


ft 


c 


d 






66970 


6696-8 








15154ft 


6594-8 


6593'6 








15162ft 


6592-2 


65921 








16165ft 


6585-9 X 


65860 


6585-3 




6 


15179ft 




6585-3 


6584-4 




1 


15181ft 


6582-9 • 


6583-0 


6582-6 




1 


15186ft 




6581-7 


6582-1 






15189ft 


6680-6 - 


6580-0 


6580-4 






15193ft 




6578-8 


6579-6 




2 


15196ft 




65761 








15202ft 




65750 








15206ft 


6673-6 X 


6674-1 


6573-8 




8 


16207ft 




65731 


6573-1 
6571-6 






16209ft 
U2lSo 


66710 - 


6570-7 \ 
6569-9/ 


6571-1 




6 


16216ft 
15217ft 




6569-0 


6568-5 




2 


16219ft 




6568-6 








15220ft 


6667-4 f 


6567-4 
6666-0 
6564-6 


6567-7 




1 


16222ft 
16226ft 
15229ft 




6563-3 


6563-5 




6 


16232ft 




6562-5 


6562-8 




2 


15234ft 


C (6662-1 


6561-6 


6561-7) 








X 


6560-0 


6560-0 




2 


16240ft 


6669-8 


6559-5 


6559-7 




4 


15241ft 


6658-4 


65580 


6558-4 






15244ft 


6557-6 




6557-8 




2 


152i5ao 




6556-8 


6556-8 




1 


15247ft 


6566-2 


6555-7 


6555-8 
6554-7 




6 


152490 
16252() 




66540 


6664-2 




1 


16253ft 




6653-0 








16256ft 




6552-6 








15257ft 




6562-4 


6552-4 




2 


16257ft 


6551-8 


65520 


6551-5 




6 


15268ft 


6660-7 


6561-0 
6547-9 


6550-8 




2 


15260ft 
15268ft 


6544-8 


65460 








16272ft 


6645-4 Fe 


6545-7 








16273ft 


6643-2 


6542-4 








16280ft 


6641-6 


6541-0 




\ 




15284ft 


6634-6 


6535-5 








15297ft 


65332 










15302a 


6531-7 


6530-0 








15309ft 


6630-0 


6530-4 
6529-5 
6528-5 








15309ft 
15310ft 
16313ft 


• 


6526-3 
6525-8 
6525-1 








15318ft 
15319ft 
16321ft 


66231 


6523-5 






4 


15325ft 




6521-7 






2 


15329ft 




6521-0 






2 


15331ft 


66186 


65185 






4 


16337ft 
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AiB (Absorption) — eontUmed. 



AngstrOm 


Fievez 


PUzzi-Smyth 


Coma 


Intensity 


OscFreq. 


a 


6 


c 


d 








6518-0 






2 


15338ft 


6517-6 


65171 






4 


15340ft 




6516-8 






3 


15340ft 




6516-0 






2 


15342ft 


6515-8 


6516-4 






6 


16344ft 


* 


6514-7 






2 


15346ft 




6514-3 






2 


16346ft 


65141 


6513-5 






5 


16348ft 




65130 






2 


16349ft 


6511-6 


6512-1 






1 


16362ft 


6498 2 Ca 


6498-0 
6497-0 




\ 


4 


15385ft 
15387ft 


6496-3 Ba 


6496-1 
6495-4 






4 


16389ft 
15391ft 


64951 


64951 
6494-6 






6 


16392ft 
16393ft 


6494-2 Fe 


6494-2 
6493-7 








16394ft 
16395ft 


64930 


6493-2 








16396ft 


6492-4 Ca 


6492-7 
6492-2 
6491-7 






4 


16397ft 
16399ft 
16400ft 


6490-1 Fe 


6490-2 








16403ft 


6488-7 


6489-4 








16406ft 


6485*a 


6485-8 
6484-4 
6483-2 








15414ft 
16417ft 
15420ft 


6483-0 


6483-0 








16420ft 








6341-3t 


9 


\m^u 








6330-9 


2 


\hl^U 








6328-6 \ 
6327-8/ 


a 


16797^ 








2 


15799^ 








6323-5 1 


3 


16809^ 








6322-7 J 


3 


15811(2 




6320-8 




6319-9 


3 


15818<; 








6319-0 


1 


16820^ 




6319-4 




6318-6 \ 
6317-9/ 


5 


15821<; 




6318-4 




5 


16823<; 




63170 




6316-4 


3 


16827i 




6316-9 




6316-2t 


9 


16828<2 




6316-7 




6315-2t 


10 


16830<; 








6314-3-^ 


9 


15882<; 




6314-4 \ 
6313-5 / 




6313-9 \ 
6313-1/ 


6 


15833<l 






6 


16836i 




63120 




6311-7 


3 


16839<{ 




6309-8 ■ 




6309-5 1 


7 


16844<{ 




> 




6309- 1 \ 


3 


16846<{ 




63091 




6308-7 . 


7 


16846^ 




J 




6308-3t 


9 


16847£2 




6305-7 \ 
63050 / 




6305-4 \ 
6304-6/ 


8 


16866<l 






8 


16867(2 




63020 \ 
6301-2 / 




6301-6 \ 
6300-9/ 


9 


16864(2 






9 


16866i2 




6298-7 




6298-0 \ 
6297-3/ 


9 


16873(2 




6298-0 




9 


1687&2 



t due to water-rapour, Cornu. 
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AiB (Absobption) — continued. 



Vngstrttm 



a 



6296-9 
6294-2 



6291-8 
6290-3 



6286-7 
62860 



' 6281-8 
6279-8 

6278-4 
6277-1 



6276-3 
6967-3 \ 



5966-2] 




5957-2 "^ 
5955-6 



6297-1 



6295-5 
6294-6 



6292*8 

62920 
6290-8 

6289-7 
6289-0 

6287-3 

6285-6 
6285-4 
6283-8 
62830 

6282-3 

6281-5 
6280-8 

6280-2 
6280-0 
6279-5 

6278-7 
6278-4 



6277-6 

6277-1 
6277-0 
6276-8 
6276-7 

6276-2 
6275-9 
5967-8 
6966-8 
6966-4 
5965-0 
5964-5 
6964.0 
5958-0 
5957-4 
5957-0 
5956-0 
5955-5 



Piazsd-Smyth 


Cornu 


Intensity 


c 


d 




6296-2 


6296-61 
6296- if 


8 




8 




6295-3 


3 


6295-0 


6294-8 \ 
6294-0/ 


4 


6294-6 


1 




62936 


2 




6292-7 


3 


6292-7 


6291-8 \ 
6291-4t/ 


4 


6292-3 


2 


6291-9 


62910 


4 


6290-8 


6289-8J: 
6289-6 


5 


6289-6 


6289-0 \ 
6288-2/ 


3 




2 


6288-6 


6288()t 


6286-9 


6286-7t 
6286-6* 


} ^ 


6285-8 


6285-Ot 


1 


6285-4 


6284 6t 


1 


62841 


6283-4 


2 


6283-2 


6282-6t 


2 




6281-6 


1 


6282-2 


6281-5 


3 




6281-3t 


8 


6281-9 


6280-8 


1 


6281-3 


6280-0 


4 




6279-8 


2 


6280-4 


6279-6 


4 


62800 


6279-2 


4 


6279-8 


6278-7 


4 


6279-2 


6278-6J 


6 


6278-9 


6277-9 


8 


6278-4 


6277-7 


8 


6278-2 


6277-5 


1 


62780 


6277-2 


8 


6277-4 


6276-9 


10 




6276-7 


2 




6276-4 


4 


6276-9 T 


6276-2 


9 


6276-8 y 






6276-6J 


62761 


6 


^ 


6276-8 


4 


62761 


6276-6 


6 


6276-7 


6275-4 


7 
2 
4 
2 
2 
1 



1 



2 

6 

6 

6 

6 
1 



due to Oxytrcn, E^oroff. • ' Rnie isoU'-e. t Due to ^^•a^cr-va,>our, Cornu. 



Osc. Freq. 



15877£« 
16878^ 
16880^2 
1688 !</ 
15883<j 
16886<; 
15887^ 
16889</ 
16890<2 
16891<2 
16894</ 
16896^/ 
1 6896<; 
16898<2 
16899</ 
16902^ 
15902<; 
16906<; 
16907rf 
16910^ 
16912<; 
15915^^ 
1591&/ 
16916^^ 
16917^ 
1691 9<2 
15919^/ 
15920^ 
15921<2 
16922<; 
16923i2 
16924^ 
16926<2 
16925<; 
15926/2 
16927<l 
16927<2 
16928<2 

16928<2 

16929<2 
15930^ 
16930<; 
15931<2 
16762J 
16754 » 
16755^ 
16769J 
1676U 
16762& 
16779J 
16781& 
16782J 
16786J 
16786& 

Solar, Cornu. 
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• 


' Air {ABBonmov)-'eofUinved, 


1 


AogstFOm 
a 


Fievez 
h 


Piazzi-Smytli 
c 


Intensity 


Osc Freq. 


6953-9 } 


59540 




1 


16790J 


69520 




5952-4 




1 


16795» 






5961-5 




6 


16797J 


6950-4 




5950-8 




1 


16801» 




6949-5 




1 


16803d 




5949-0 




3 


16804^ 




5948-7 




3 


16805» 


6948-4 \ 


5948-2 




6 


16807& 


6947-6 Fe 




5947-6 




1 


16808^ i 






5946-8 




6 


16811* ; 


6946-0 




5946-0 




1 


16813J i 


69450 




59450 




5 


16816* 1 






5944-4 




4 


16817J ' 






6944-0 




4 


16819& ! 


5943-6 




5943-4 


4 


16820J ^ 






69430 




4 


16825J i 


6941-7 




5941-6 . 




6 


16826^ 


\ 


5941-3 




1 


16827& 


6940-9 


' 


5940-7 




6 


16828^ 


5940-4 




59400 




6 


16830& 






5939-5 




1 


16832& 






59390 


1 


16833ft 


5937-4 




5937-4 


1 


16837ft 






5934-5 


1 


16846ft ! 


59350 




5934-0 


1 


16847ft 






5933-4 


5 


16849ft 


5931-8 




5932-5 




1 


16851ft ' 


5931-2 / 


5931-2 




1 


1 6855ft 




5930-5 




2 


16857ft 




5928-7 




6 


16862ft 




5928-3 




4 


16863ft 




5926-7 




1 


16868ft 


69240 V 


5926-3 




4 


16869ft 


6923-0 




5923-6 




1 


16877ft 






5922-2 




6 


16881ft ' 


6921-7 




5921-9 


, 


5 


16882ft 


6920-8 f 


5920-7 


1 


16885ft 




5920-4 


! 1 


16886ft 


5919-1 ) 




5919-5 


1 

; 1 


16888ft 


5918-4 




59180 


; 8 


16893ft 


5917-5 ^ 




5917-5 




8 


16894ft 




59170 




8 


16896ft 


5915-6 


5915-6 
59151 






16900ft 
16901ft 


5914-6 


5914-9 






16902ft 




5914-3 


1 
1 


16903ft 


5913-3 


5913-4 




10 


16906ft 


69121 


5912-3 




4 


16909ft 


5909 7 ) 


5910-0 


1 

; 4 


16916ft 


59081 




5909-1 


1 


16918ft 


6907-2 ^ 




5908-8 


1 


16919ft 




5908-0 


2 


16921ft 




5907-6 


; 1 


16923ft 




5907-3 




1 


16923ft 




5906-7 




1 


16925ft 


- 




5906-2 




1 1 


16927ft 
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Air (Absobptiok) — mmtinMed. 



Angstrom 
a 


Fievez 
b 


Piazzi-Smyth 
c 


Intensity 

1 


Oac. Freq. 




6905-8 




16928» 




5904-4 


6904-6 




16932^ 




6904-2 


6904-1 


2 


16932^0 


6902-7 


5902-6 


6902-9 


1 


IBdSlbo 




6902-1 


6902-3 


1 


16938^ 


6901-4 


5901-3 


6901-0 


3 


leuibo 


5900-6 


5900-3 


6900-4 


6 


U9Ubo 






6899-9 


1 


16946<7 


5899-1 Ti 


5899-0 


6898-8 
6898-7 


9 


16947^ 
16948(7 




5898-3 


6898-3 


2 


169^9bc 




68980 


5898-1 


2 


I6960bc 


6898-1 


5897-7 


5897-9 


3 


1695lbo 






5897-4 


1 


16962<? 


5897-1 


5897-0 


5897-2 


8 


ie963abc 




5896-5 


6896-6 


4 


16954^0 






5896-3 


1 


16966« 




5896-0 


6896-9 


4 


16956bc 


5896-6 


6895-5 


6896-6 


4 


169&7abc 


Dj6896-1 Na 


5896-0 


6896-1 


30 


16959a 


58950 


6894-4 


6894-4 


1 


16960^ 




6894-1 


68941 


1 


169622^0 




6893-6 


6893-6 


2 


U963bo 




r 5892-7 
\ 5892-2 


/ 6892-9 
\ 6892-4 


3 


lB96Bbc 


5892*5 


3 


16966&0 


68921 Ni 


5892-0 


6892-2 


4 


16967&0 


5891-6 


5891-8 


6891-7 


6 


16968^ 


5890-8 


5891-3 


6890-9 


9 


16970&O 




5890-7 


6890-7 


1 


16971&0 




5890-4 


6890-3 


3 


16972JO 




5889-9 






16973J 


D,5889-l Na 


58890 


5889-1 


30 


16976c 


1 


5888-5 


5888-7 


12 


I6977bc 




5887-4 


6887-9 


4 


1698O&0 


5886-7 




6886-9 


6 


169820 




68861 


6886-3 


6 


16984&0 




5885-9 


/ 5885-9 
\ 5885-2 


6 


ie9S5bc 


5885-3 




3 


16987<? 




5884-8 \ 
5884-4 / 




6 


16988^ 








16989d 


5882-7 


5882-9 \ 
5882-5 / 




5 


16994& 








16996» 




/ 5881-6 
\ 5881-4 






16997& 


5881-5 






16998^ 


5880-2 


5880-6 
5879-5 \ 
5879-2 J 






17000J 
17003J 


68791 






17004 J 




5878-3 1 






17007& 




5878-0 f 






17008& 




5876-5 S 






17012ft 




58760 I 






17013J 

• 


- 


5875-5 J 
5874-0 \ 
5873-6 J 






17015ft 
17019ft 


5874-0 






17020ft 



02 
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Bromine (Absorption). 

Daniell an<l Miller, « Voag. Ann.' xxviii. 386. 

Roflcoe and Thorpe, • Phil. Trans.' 167, 209, 

Moser, * Pogrg. Ann.' clx. p. 188. 

Hasselberg, ♦ M6m. de I'Acad^mie des Sc. de St. P6tersbourg,' xxvi. No. 4 (1878). 



KoRcoe and 
Thorpe 


Ilassel'Derg 


Intensity 
and 


Oscillation 


a 


h 


Character 


I? requency 


6801-3 






14699a 


6777-2 






14751a 


6723-6 






14869a 


66491 






15036a 


6581-3 






16190a 


6526-9 






15317a 


6468-9 




8 


15464a 


6455-4 




4 


15486a 


6413-0 




8 


15689a 


64010 




4 


15618a 


6372-6 




4 


16687a 


6350-5 




8 


15742a 


6336-7 




4 


15776a 


6312-1 




4 


15838a 


6292-8 




8 


15886a 


6275-4 




4 


15931a 


6263-9 




4 


1596aa 


6240-2 




8 


16021a 


6223-3 




4 


16064a 


6190-9(b-) 


6188-5 


iR 


16164ft 


6169-7 






16204a 


6144-1 






16271a 


6119-0(b-) 


6117-9 


lbo-5 


16341ft 


6101-4(b-) 


6098-8 


2b 


16392ft 


6072-2 


6068-7 


Ib- 


16473ft 


6053-2 


6047-1 


Ib- 


16532ft 


6027-3 


6023-5 


Ib- 


16697ft 


60061(b-) 


6001-5 


4b 


16658ft 


6987-5(b-) 


59820 


lb 


16712ft 


6956-5(b-) 


5957-0 


2b 


16782ft 


5945-l(b-) 


5942-0 


lb 


16824ft 


5913-9Cb-) 


5911-4 


lb 


16912ft 


5905-9 




2b- 


16927a 


5876-5 




b- 


17015a 


5870-7 


5868-9 


4b- 


17034ft 


5835-3(b-) 


6844-5 


4b 


17105ft 




6829-0 


<'^0-4 


17151ft 


5797-7(b-) 


5803-4 


4b 


17226ft 




5800-9 


4s 


17234ft 




5791-6 


2b- 


17262ft 


6762-7(b-) 


5762-0 


«b,.3 


17350ft 




6725-8 


lb,- 


17460ft 


5727-5(b-) 


5723-6 


1 


17467ft 




5698-0 


2b- 


17546ft 




6688-5 


2b- 


17674ft 


5694-4(b-) 


5686-8 


6b 


17679ft 




56671 


2s 


17640ft 


6660-4 


6667-4 


6b- 


17671ft 




5652-0 


6»>o., 


17688ft 




5648-3 


2b„., 


17699ft ; 
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Bbomtne (ABfiORPTiov)—eo9itinued. 



Roscoe and 
Thorpe 

a 


Hasselberg 


Intensity 
and 


Oscillation 


b 


Character 


Ijrequeney 


56S4-8(bO 


5625-7 


6b,./ 


17770* 




5621-5 


8r),., 


47783A 


6624-4(bO 


5618-5t 


8b„.2 


177936 




6605-0 


b,.4 


17836& 




6593 5 


2s 


17872* 1 


569«0 


5586-8 


8bo./ 


17894* 




5584-3 


2s 


17902* 


6580-6 


5574-2 


2bo./ 


17936* i 


5660-7 


56670 


8b,'' 


17990* 1 




6553-3 


2bi 


18002* 1 


6666'8 


5660-4 


4b' 


18012* i 




5639-6 


6s 


18047* 


5534-1 


5529-4 


8b/ 


18080* 




5527-4 


4n 


18086* 




5622-3 


6s 


18103* 




5519-2* 


2s 


18113* 




5516-8* 


Is 


18125* 


5610-3 


5504-9 


6b,./ 


18160* 1 




6502-5 


2b 


18168* 


5601-3 


5496-8 


2s 


18190* 


5483-8 




b' 


18230* 


5476-8 


6480-7 


6b,./ 


18241* 




6477-9 


6s 


18260* 




64735 


2s 


18266* 




54690 


2s 


18280* 


54601 


5460-2 


8b/ 


18309* 




5456-8§ 


2s 


18320* 




5464-3 


In 


18329* 


# 


5451-7 


6s 


18338* 




5449-3» 


2s 


18346* 




6446-5 


6b 


18358* 




5444-0 


2s 


18367* 


5139-9 


5435-8i 


8bo./ 


18391* 




6432-4 


10b,./ 


18403* 




5421-0 


2s 


18441* 




5419-9 


Is 


18446* 


5418-2 


54121 


6bo./ 


18472* 




54121 


8s 


18472* 




54100 


6bo.2 


18479* 




5407-8* 


V m 

4s 


18486* 


5403-2(bO 


5400-6 


28 


18611* 




5392-6 


2bo./ 


18538* 




5392-6 


6s 


18538* 


5380-3 


53910* 


8s 


18544* 




5388-3 


Ibo., 


18653* 




5384-6 


V 1 


18566* 




5380-2* 


4s 


18681* 




5377-4 


4s 


18591* 




537a-6 


4s 


18604* 




5370-4 


4bo./ 


18615* 


6366-8 


5361-6 


6s 


18646* 




53581 


6b/ 


18658* 




5356-9 


2s 


18662* 




6352-4t 


2Kb 


18678* 


§ Triple. 


* Double. 


t A mas 


s of fine lines. 
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Bbominb (Absobption) — oQfUinued. 



Roflcoeand 
Thorpe 

a 


Hasselberg 
6 


Intenaitj 

and 
Character 




Oscillation 
Frequency 




63469 


2bo.a^ 


186966 




6342-7 


2s 


187126 


6347-5(bO 


5342-2 


8b,.. 


187136 


6337-4 


5336-1 


Is 


187366 




5331-4 


2b' 


187516 ! 




5326-7 


2s 


187686 




5318-5 


4b/ 


187976 




5318-6 


4s 


187976 




6316-7 


2s 


188076 




5312-5 


4bo., 


188186 


5306-8(bO 


5308-4 


6bo.2 


188326 


6298-7(b') 


5302-2 


7bo.. 


188546 




6301 -If 


8s 


188686 




6289-3 


b,' 


189006 


6292*2 


6289-3 


4s 


189006 




6287-5 


6b,.g 


189076 




5283-5 


6bo.4 


189216 


5274-6(bO 


5279-7 


4b 


189356 




5276-1 


2s 


189486 




5271-8 


4s 


189636 


5258-8(bO 


5265-7 


b 


189856 




5259-4* 


2s 


190086 




5256-3t 


s 


190196 


5244-1 


5248-8 


^KtT 


190466 




6246-6§ 


8 


190646 




5243-2* 


48, 


190666 




5241-9 


4s 




190716 




5239-6 


4s 


■2b 


190806 




5237-4 


4s 




190886 




5234-8 


4n 




190986 




62241 


2s 


191376 




5221-8 


6bo.2 


191456 




5219-4* 


2s 


191546 




5211-2 


6s 


191846 




6208-Ot 


6bo.e' 


191966 



• Double. 



t A mass of fine lines. 



§ Triple. 



Chlorine (Absorption). 

Morren, * Pogg. Ann.* xxzvii. 165. 

Chlorine Oxides (Absorption). 

Miller, < Phil. Mag.' (3) xxvii. 81. 
Gernez, * Compt. Bend.' Ixziy. 804. 



Dysprosium (Absorption). 

Lccoq de Boisbaudran, ' Compt. Bend. cii. 1005. 
7630 I 4615 
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DiDYMiuM Chloride (Absorption). 

Bahr and Brmsen, • Pogg. Ann.' civ. 366 ; ' Phil. Mag.* 412, 527. 

Lecoqde Boisbaudran, • Spectres Lumineux,' Paris, 1874; 'Compt. Rend.' cw. 276 (1887). 

Von Welsbach, * Sitzunsb. Wien. Akad.' xciL 1885. 

Crookes, * Chem. News,* liv. 27. 

Schuster and BaQey, ♦ B. A. Report,* 1883. 

H. Becquerel, ♦ CJompt. Rend * civ. 777. HJ91 ; c\i. 106 ; * Chem. News,' liii 77. 



Bahr and 
Bunsen 

a 


Lecoq de 
Boisbaudran 

6 


Intensity and 
Character 


Oscillation 
Frequency 






f7430t 


4] 


; 134556 


7220 


c • 


7360t 


6 


b,.' 


13583& 






l7307t 


8j 




136826 




6894t 


4n 14501& 


«6730 


e6792t 


7b. 14719& 




6720t 


In 


148776 




6363 


2n 


157116 


6280 


6282 


In 


159146 


6220 


6225 


3n 


160606 ; 


5920 


/5962* 


3b, 




167686 




'5820 




5885* 


3b, 




169^76 






^m _ 


5824t 


4b, 


.^2/ 


171656 


a. 




" 1 57881 


10b, 


r 


172726 




5750 


5747t 


10b, 




173956 




.5730 


V5719t 


9s 




174806 


5300 


5312t 


3b, 




188206 


''\5200 


fi. 5219t 


10b/ 


b„- 19155d 


5205t 


9b, 




192066 


5170 




3b, 
6b,i 


193376 


5100 


X /5l25t 
* \5087t 


195066 


5010 


3b, 


196526 


4810 


74822* 


8b, 


207326 


4760 


i47o8 


6b, 


210116 


4710 


i4691* 


8b, 


213116 




4618 


lb. 


216486 


4440 


T74441* 


7b. 


225116 




4275t 


3b, 


233856 



• ' Praseodidymium.' t ' Neodidymium ; ' von Welsbach. ^ 

According to Lecoq de Boisbaudran, 4698 does not belong to Praseodidymium, and there are alio bands 
onging to Neodidymium at 4640, 4300, and 4734, 4768. 



Erbium Chloride (Absorption). 

Bahr and Bunsen, * Pogg. Ann.' civ. 366; «Phil. Mag.' 412, 527. 
Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 



Bahr and 
Bunsen 

a 


Lecoq de 
Boisbaudran 

6 


Intensity and 
Character 


Oscillation 
Frequency 


6730 r 
6600 \, 
76500 

6360 


6985 
€6837 
tj6670 
i36534 

6492 
^6404 


1 

6b, 

4b, 

9b, 

3n 

5b, 


14ai26 

146226 
149886 
153006 
153996 
156116 
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Ebbium CuLORiDT^'^continned, 



Bahr and 
Bunsen 

5501 

/35440 

5390 

05230 

84900 

4539 


Lecoq de 
Boisbaudran 

b 


Intensity and 
Character 


Oscillation 
Frequency 


5490 
5433 

85409 

85363 
5278 

a5231 
5208 
5189 
4921 

74874 
4855 
4515 


lb, 

2n 

7n 

7n. 

1 

9b2 

3n 

2n 

4b, 

9b, 

2n 

4b, 


182096 
184016 
184826 
186416 
189416 
191116 
191966 
192666 
203156 
205116 
205916 
221426 



HoLMiuM (Absorption). 

Lecoq de Boisbaudran, * Compt. Rend.' cii. 1003. 
6404 I 5363 



Iodine (Absorption). 

Daniell and Miller, * Pogg. Ann.' xxviii. 386. 

Morghen, « Beiblatter,' viii. 822 ; *Mem. della Soc. degH Sp. Ital. xiii. 127 (1884). 
Thafen, *Le Spectre d'absorption de la vapeur d'lode,' Upsal, 1869. Swenska Wet. 
Akad. Handlingar, viii. 



Morgheu 


ThaMn 


Intensity and 


Oscillation 


a 


a 


Character 


Frequency 


6799-4 


68340 


3b' 


146286 




67780 


3b' 


147496 


6741-2 


67390 


3b' 


148356 




6724-0 


2b' 


148686 


66860 


6685-0 


3b' 


149546 




6647-5 


2b' 


150406 


6638-3 


6634-0 


3b' 


150706 




6594-0 


2b' 


151616 


6587-5 


6582-5 


2b' 


151876 


6544-8 


65410 


4b' 


152846 




6532-5 


2b' 


153036 


6504-2 


6503-5 


3b' 


153726 


6494-7 


64930 


4b' 


153976 


6458-2 


6455-0 


4b' 


154876 


6448-6 


6446-5 


3b' 


155086 


6407-9 


6407-0 


4b' 


156036 


6400-6 


6399-5 


3b' 


156216 


6365-5 


6369-5 


2b' 


156956 


6569-4 


6361-0 


4b' 


157160 




6354-0 


lb' 


157336 


6321-7 


6322-5 


3b' 


158126 


631.S-2 


6316-0 


3b' 


158286 


6274-1 


62760 


4b' 


159296 


6267-2 


6271-0 


3b' 


159426 




6232-0 


5b' 


160426 
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lODiNR (Absobption) — continued. 





• 

Morghen 


Thal^n 


Intensity and 


Oscillation 




a 


b 


Character 


Fiequency 




6229-2 


6227-5 


2b- 


16053& 






61900 


6b- 


16160& 




6187-4 


6186-5 


2b- 


161 60& 




6148-6 


6148-5 


6b- 


16259ft 






6147-0 


Ib- 


16263ft 




6108-3 


6110-0 


7b- 


16362ft 




6069-5 


6068-0 


7b- 


16475ft 




6031-6 


6029-5 


8b- 


16580ft 




60110 






1663U 




5991-4 


5991-5 


8b- 


16685ft 




5969-0 






16748ft 




5961-8 


5954-6 


7b- 


16789^1 




5931-8 






16853a 






5918-0 


7b- 


16893ft 




59150 


5916-0 


Ib- 


16898ft 




5898-4 






16949a 






58830 


6b- 


16993ft 




5879-5 


6880-0 


Ib- 


17002ft 




5864-0 






17048a 




5848-2 


5848-5 


5b- 


17093ft 




5843-3 


5845-5 


Ib- 


17102ft 




5816-5 


5816-0 


5b- 


17189ft 




6811-0 


58110 


Ib- 


17204ft 






5808-5 


Ib- 


17211ft 




5786-2 


5784-0 


4b- 


17284ft 




6778-5 


5776-5 


2b- 


17306ft 




67591 


5772-5 


2b- 


17318ft 




6749-8 


5763-0 


3b- 


17377ft 




5744-8 


57450 


5b- 


17401ft 


r 


, 6732-3 


5738-0 


3b- 


17422ft 




5719-3 


5721-5 


2b- 


17473ft 




6713-8 


5713-5 


6b- 


17497ft 




5693-4 


5707-5 


4b- 


17516ft 




5686-2 


5683-0 


7b- 


17591ft 




5664-7 


56750 


5b- 


17616ft 




5656-4 


5653-0 


7b- 


17684ft 




6636-5 


5644-0 


5b- 


17713ft 




5625-4 


5625-0 


6b- 


17772ft 




66100 


5614-0 


6b- 


17807ft 




5597-5 


5597-5 


6b- 


17859ft 




65823 


6586-0 


6b- 


17897ft 




5567-0 


5571-0 


7b- 


17945ft 




5554-2 


5558-5 


7b- 


17985ft 




6540-6 


56450 


4b- 


18029ft 




5531-0 


5531-5 


8b- 


18073ft 




6514-8 


55210 


3b- 


18107ft 




5506-4 


5505-5 


8b- 


18158ft 




5488-1 


5496-5 


3b- 


18188ft 




6480-5 


5480-0 


9b- 


18243ft 




5462-3 


54730 


2b- 


18266ft 




5457-6 


5455-0 


7b- 


18326ft 






5449-5 


2b- 


18345ft 




5436-4 


5432-0 


7by 


18404ft 




54120 


5409-6 


7b- 


18481ft 




53890 


5388-0 


6b- 


18558ft 




5366-4 


63660 


6b- 


18630ft 
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lODiNR AB&OKPTiov^ixmtinued. 



Morghen 


Thal^n 


Intensity and 


Oscillation 


a 


b 


Character 


Frequency 


5344-6 


5346-0 


6b' 


187006 


6324-4 


5326-0 


6b' 


18770* 


5304-3 


5307 


6b' 


188376 


5284-8 


5289-0 


4b' 


189016 


5267-8 


5272-0 


4b' 


189626 


6251-3 


5254-0 


4b' 


190276 


6235-7 


62390 


4b' 


190826 


5219-9 


5222-5 


4b' 


. 191426 


5206-6 


5208-0 


3b' 


191966 


5192-7 


51930 


3b' 


192516 


5180-2 


5181-0 


3b' 


192966 


5166-3 


6168-0 


3b' 


193446 


51520 


5156-0 


3b' 


193936 


6140-6 


5144-0 


2b' 


194346 


5129-8 


5132-6 


2b' 


194786 


6120-5 


5122-0 


2b' 


195186 


5111-7 


6112-0 


2b' 


195566 


6101-8 


5102-0 


2b' 


195946 


5093-5 


5093-0 


lb' 


196296 


5086-6 






19654d; 


5079-1 






19683a 


60720 






19710a 


5064-4 






I97^0a 


5067-0 






19779« 


6060-6 






19794d; 


5044-8 






19816a 


5038-6 

1 






19841a 



Iodine Bromide (Absorption). 

Gemez, * Comp. Rend.' Ixxiv. 1190. 



Iodine Monochloridb (Absorption). 

Roscoe and Thorpe, * Phil. Trans.' clxvii. 209. 



Roscoe and 


Intensity 

and 
Character 


Oscillation 


Roscoe and 


Intensity 

and 
Character 


Oscillation 


Thorpe 


Frequency 


Thorpe 


Frequency 


6476-1 


3b' 


15446 


6112-8 


3b- 


16354 


6442-9 


3b' 


16517 


6079-2 


3b' 


16444 


6421-3 


3b' 


15669 


6071-3 


3b' 


16466 


6383-7 


3b- 


15660 


6040-9 


3b' 


16549 


6372-6 


3b- 


15608 


6033-2 


3b' 


16589 


6324-9 


3b' 


16811 


6021-3 


4b' 


16603 


6318-0 


3b' 


16824 


6005-2 


8b' 


16647 


6266-8 


3b' 


15952 


5996-9 


4b' 


16673 


6216-9 


3b' 


15909 


5974-1 


4b' 


16734 


6181-5 


3b- 


16176 


5957-3 


8b' 


16781 


6167-9 


3b' 


16212 1 


6944-3 


4b' 


16818 


6156-0 


3b' 


16242 1 


6918-7 


3b' 


16890 


6122-6 


3b' 


16328 


6905-1 


3b- 


16930 
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Iodine Monoculobide (Absorption) — continued. 



Roscoe and 


Intensity 

and 
Character 


Oscillation 


Roscoe and 


Intensity 

and 
Character 


Oscillation 


Thorpe 


Frequency 


Thorpe 


Frequency 


5886-Z 


3b' 


16983 


6600-7 


3b' 


17861 


5877-8 


8b' 


17008 


6690-0 


3b' 


17884 


5861-4 


3b' 


17056 


66720 


3b' 


17942 


5852-3 


3b' 


17082 


6561-3 


3b' 


17976 


5843-7 


3b' 


17108 


6662-9 


3b' 


18003 


0820-5 


8b' 


17176 


6535-4 


3b' 


18Q60 


5815-9 


4b' 


17189 


6623-6 


3b' 


18099 


6788-8 


8b' 


17270 


6608-4 


3b' 


18149 


5782-0 


4b' 


17290 


6601-3 


3b' 


18172 


5761-0 


3b' 


17383 


5482-5 


8b' 


18234 


5744-4 


2b' 


17403 


6469-6 


3b' 


18311 


5719-6 


8b' 


17479 


6436-1 


3b' 


18394 


6713-0 


4b' 


17499 


6412-1 


3b' 


18472 


66868 


3b' 


17682 


6394-3 


3b' 


18633 


6679-5 


3b' 


17602 


6368-1 


3b' 


18623 


5658-3 


3b' 


17668 


6349-8 


3b' 


18687 


56600 


3b' 


17694 


6330-0 


3b' 


18766 


6632-1 


3b' 


17760 


6315-5 


3b' 


18807 


5628-6 


3b' 


17760 ; 


52960 


3b' 


18880 


5618-4 


3b' 


17793 


6276-1 


3b' 


18948 



NiTEOGEN Peroxide (Absorption). 

Brewster, « Phil. Trans.' Edin. xii. 619; *Pogg. Ann.* xxviii. 386, xxxvii. 60 ; * Phil. 
Vans.' Lond. cl. 157 (1860). 
Morren, * Pogg. Ann.' cxli. 157. 
Moser, *Pogg. Ann.* clx. 177. 
Gemez, * Compt. Rend.' ci. 43. 
Hasselberg, * M6m. de. St. P6t.' xxvi. No. 4. 
Bell, * Am. J.' vii. 32 (1885). 



Hasselberg 


Intensity and 
Character 


Oscillation 
Frequency 


Hasselberg 


Intensity and 
Character 


Oscillation 
Frequency 


6853-7 


4s 


14686 


66260* 


Is 


15319 


6827-6 


Is 


14642 


6616-6 


2s 


15343 


6808-7 


4n r ^i-» 


14683 \ 
14716/ 


6609-8 


2s 


16357 


67940 


6502-3 


lbo.4 


15375 


6772-6 


2bo.. 


14761 


6488-5 


2b„.«' 


15407 


6766-3 


4s 


14776 


6474-7 


6b,' 


15440 


6742-4 


2b 


14827 


6468-1 


6^0-6 


15466 


6734-6 


6n 


14844 


6461-0 


6b„., 


16473 


6725-8 


4s 


14864 


6454-8 


2b„.| 


16488 


6710-7 


2s 


14897 


6448-2 


4bo., 


16504 


6695-3 


4b ^ 


14931 


6438-2* 


Is 


16628 


6689-0 


2n 


14946 


6433-2 


4s 


16540 


6678-3 


%.. 


14969 


6424-7 


4n 


16560 


6668-9 


2s 


15013 


6417-3 


4b2' 


16578 


65680 1 


In 


16244 


64121 


Is 


1551)1 


6562-7 


Is 


16266 


64070 


In 


16603 


65460 


In 


16272 

* Dou 


6397-5 

ble. 


Is 


16626 
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NlTSOGKS PKSOXIDB CAfitfCRPTIOS)- 



H— clbcrg 

1 


latoiuitT ftnd ' OKUIatioii 
Character Freqoencr 


HaMtlbcfg 


InttnsU 
Chara 

4s 


tjand 
cter 


1 OadDatiot 
Frequency 


6377-7 


4V, i 15675 


59846 




16705 


6367-2 


2n 15701 


5977-5 


4b^, 


16724 


6360-1 


4b^, : 15718 


5972-6 


4s 


16738 


63533 


2s 


15735 


5969-3 


2s 


16747 


6350-9 


In 


15741 


5962-2 


6ii 


16767 


6341^ 


2b„' 


15766 


6957-0 


4s 


16782 


6334-2 


4b„ 


15783 


59475 


4b- 


16809 


6321-5 


4s 1 


15814 


5944-8 


' 6b.., 


16816 


6316-3 


4b/. 


15827 


5936^ 


61...,' 


16842 


6311-2 


4 j 


15840 


6933-7 


6q 


16848 


6305-1 


Is 


15855 


5928-1 


lOb.^ 


16864 


6297-8 


Is 


15874 


5924-4 


4s 


16875 


6290-0 


4ii 


15894 


5920-4 


8b,., 


16886 


6268-7 


Is 


15948 


5915-3 


6b.., 


16900 


6263-4 


4s 


15961 


5912-6 


6b., 


16908 


6259-2 


2s 


15972 


5902-7 


6b, ) 


16937 


6255-8 


4s 


15982 


5898-3 


■ f 

7s - 


16949 


6250-7* 


6s 


15994 


5892-2 


6b..,' 


16967 


£242-3 


2s 


16015 


5877-9 


4s 


17008 


6236-7 


6s 


16029 


• 5873-2 


Id 


17022 


6232-3 


4s 


16041 


! 5864-2 


lb..,' 


17048 


6224-9 


4n 


16060 


i 5859-6 


lb... 


17061 


6212-2 


Ib^/I 




16093 


6853-9 


6n ) 




17077 


62063 


2b...' 


• 


16110 


5850-5 


4b.., 




17087 


6201-5 


6b..,' J 




16121 


5845-2 


4s") 




17103 


6194-8 


2b.., 


16139 


5840-4 


Is 


17117 


6186-6 


Is 


16159 


58370 


6s 


17127 


6175-8 


6b.., 


16188 


5828-7 


In 


17151 


6171-8 


4s 


16199 


5819-0 


Is 


17180 


6165-3 


6b.V 


16215 


6814-4 


lb..,' 


17194 


6164-7 


8b.., 


16219 


5807-5 


Is 


17214 


6160-6 


4s 


16227 


58030 


lb... 


17227 


6156-5 


6n 


16241 


5791-3 


ib,.a 

8s i 


17262 


6141-3 


6b' 


16278 


5789-8 


17267 


6136-2 


4b.., 


16292 


5776-7 


6s 


17306 


6126-4 


12b.., 1 


16318 


5770-2 


6s 


17325 


6121-2 


8b.., b,.. 


16332 


57681 


Is 


17332 


6114-6 


6b... J 


16352 


5752-5 


8s 


17379 


61100 


2s 


16362 


5747-8* 


6s 


17393 


6107-8 


4s 


16368 


6742-6 


In 


17408 


6090-4* 


2s 


16414 


57371 


4s 


17425 


6084-3 


4s 


16431 


6734-2 


Is 


17434 


60792 


2s 


16445 


5729-4 


Sbo-s ] 


17449 


60680 


2b 


16475 


5719-8 


3b..,' •^»« 


17478 


6065-8 


6s 


16508 


1 5709-2 


17510 


6052-3 


4b' 


16518 


5708-2 


4b..j ) 


17613 


6039-4t 


2b... 


16553 


5706-4 


6b..,' 


17519 


6028-8t 


lb..,) 

4s ) 


16583 


5699-5 


4b..,' 


17540 


60238 


16597 


5692-3* 


Is 


17662 


6018-6 


6s 


16610 


! 5689-3 


4s ) 
lb../) 


17572 


60160 


Is 


16617 


66893 


17672 


6018-4 


6b..j 


16625 


i 5683-8 


4s \ 


17588 


6002-5 


6b..,' 


16655 


5679-6 


6b..,' 


■bpa 


17602 


69971 


6b.., 


16670 


6670-7 


4b,' 


1 «» 


17630 


5989-1 


4b.., 16692 


6663-9 


4b../ ' 17660 




* Double. 






t A ma 


ss of fine 


lines. 
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HiTBOGEN Peboside (Abbobptioh)— MN^nvwf. 



HaiBolberg 


Infennity md 
Character 


OBeillatioQ 
Frequaney 


H>»lberg 


'r.sr 


Kreqnency 


5653'0 


8b...' 


17684 


6394-3 


eb.., 


18567 


G64S-1 


69 


17700 


6379-2 


sb).; 


18585 


5614 -6 


lov, '■* 


17711 


5376-1 


4» 


19595 


5642-1 


iob;.;j 


17719 


6363-7 


6b,., 


18638 


5635-r 


8b,., 1 


17739 


6360'6 


4b.., 


18649 


5(133-0 


8h. i 


17747 


6349-1 


ir\ 


18689 


5G27'B' 


2fl 


17763 


6345-4 


is 


18703 


5624 


49 


17776 


5343-0 


6b,., \,, 


18710 


56166 


ibr. 


17799 


6342-6 


18712 


§56101 




17820 


5339-3 


8b.., 


18723 


•5606-4 




17831 


5336-0 


l8 J 


1S736 


6602-1 


Is 


17846 


5334-1 


2b,' 


18743 


5600-2 


4a 


17851 


5332-4 


6n . 
6b '■' 


18748 


5588-0 


4n 


17890 


6326-1 


18773 


5578 9 


6ii 


17916 


6321-6 


4a J 


18786 


5572'5 


Is 


17939 


5312-8 


fc>... 


18HI7 


556J-K- 


4s 1 


17965 


5304-6 


18846 


55H4-6 


lb„M 


17966 


6294-0 


4b,' 




55570 


4s 


179!>0 


6288-3 


68 


18904 


5553-5 


In 


18001 


6285-6 


«£.,-- 


18914 


55509 


4b 


18009 


5379-8 


18935 


5542-8 


ib..ri 


18036 


6277-8 


4b 


18943 


5540-3 


lb,.,-) 


18044 


5273-0 


4b,' 


18959 


5537-8 


ib- 


18053 


B270-7 


6b;... 


18967 


5630-5 


eb...- 


1B076 


5263-0 


lOb.. 


18992 


5528-3 


8b,., 


18084 




81 b„ 


19009 


5522-3 


6b,.,' 


18103 


5251-3 


12b.., 


19037 


5616'1 


iC 


18123 


6242-8t 


8b.' 


19068 


5B02-5 




1816S 


5240-2 


Ss 


19077 


5491-6 


6n 


18205 


6229-6 


Ss 1 


19116 


5-1S9-7 


eb,..' u . 


183U 


6234-1 


8b...' 1 


19137 


5485-3 


18226 


5219-0 


88", 


19155 


5480-8 


41 


18240 


6314-8 


8b..,' r 


19171 


5476-5 


41 


18234 


6207-0 


lOb... 


19199 


5471-4 


6b...'' 


18372 


6199-9 


eb,.,i 


19326 


B4B9-0 


an 


18279 


6199-7 


10s 1 


19236 


5465-9 


4s 


18290 


6196-0 


10b..,' 


19244 


546-^-4 


SV 


18302 


619U-8 


10b.,' 


19259 


5451-2 


8n 


18339 


6195-5 


*b- 


19279 


5448-6 


Is ^ 


18348 


ei78-4t 


6b..,* 


19.305 


5440-2 


4n 


18376 


6176-6 


4s 


19312 


5432-9 


2b' 


18401 


5172-1 


6b,,. 


19329 


5430-S 


8b [ 


18410 


6164-0* 


l8 


19359 


5428-6 


4b... 1 


184IG 


5157-n 


18 ) 


19385 


5421-8 


43 


18439 


6155-1 [ 


lb...tb,.. 


19393 


5421-8 


iK,' 


18439 


61G4-6J 


4b ) 


19394 


5420-0 


Ob b,.. 


18446 


6145-0 


In 


19431 


5417-5 




18453 


6137-1 


2b' 


19461 


5415-T 


28 


18459 


6134-8 


2b,., 


19607 


64116 




18473 


6124-0 


8b.., 


19510 


6404-7 


2s' 


1R497 


6132-0 


3b b,., 


19618 


6399-5 


4n 


18615 


61BI-2 


6s 


19521 


5393-5 


8b,,, 


18539 


6119-4 


4s 


19628 


5389-4 


8s 


1S649 


5n7-5§ 


Is , 
6n 1 


19535 


5387-0 


2s 


18557 


5111-7 


19657 
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NiTROOBN Peroxide (Abbobption)— <K>ii/mif*<{. 



IlaiHelberg 


lnt4mttity and 
Character 


OKillation 
Freqaencv 


Hasselberg 


1 
' Intensity and Oscillation 
Character Frequency 


5103-7 


2b.., f-b,.^ 


19588 


4856-7 


Is 20584 


5100-7 


Is 


19599 


1 4864-7 


Is ' 20593 


6095-2 


8b..rj 


19620 


i 4849-9 


2b..,' 20613 


6092-9 


4s 


19626 


4846-9 


4b 20626 


5089-7 


4b.., 


19641 


4843*4 


4n I • 20641 
4b..,- / 20649 


5086-9 


2b.., 


19653 


4841-5 


50831 


4b.^ 


19667 


4839-2 


4b.., 20668 


5076-6 


4s 


19692 


4835-8 


2s 20673 


5073-5 


Is 


12704 


4831-0 


6b- 20694 


5066-2 


6b.., 


19733 


4828-0 


2b,' \ 1 20707 


5063-6 


4bo.^ 


19743 


4820-0 


2n 




20741 


506l-2t 


6b' 


19752 


4817-2 


2n 




20763 


5050-5 


6b,i ib 
10b.., f°»« 


19794 


4814-3 


2n- 




20766 


5045-7 


19813 


4812-0 


8n 


:k 


20775 


5042-8 


48 




19824 


4810-1 


6n /"»•» 


20784 


5041-2 


6s 


b.. 


19831 


4807-2 


4n 




20796 


50400 


lbo.4^ 




19835 


4802-8 


4n 




20814 


50351 


Is 


19855 


4797-2 


lOn 




20839 


5032-0 


8s,bo..' 


19867 


4792-8 


8b..,-J 




20859 


5027-2 


10b.., 




19886 


4787-4 


2s 


20882 


5024-1 


4s 




19898 


4783-6 


Is 


20898 


5022-3 


2s 


b, 


19905 


4778-8 


6b.., 


20920 


5020 8 


Is 




19911 


4775-2 


4b.., 


20935 


5018-8 


Is f 


19919 


4764-8 


6b.., 


20981 


5009-6 


6b.., 


19956 


4760-3 


4b..2 


21001 


5003-3 


Is 


19981 


4757-6 


4b.., 


21013 


5001-1 


4n 


19990 


4753-5 


6n t 
8b..,- 1 


21031 


49981 


2n 


20002 


4746-6 


21061 


4978-2 


4n 


20082 


4744-7 


4s 21070 


4974-7 


2s 


20096 


4738-4 


6b..,- . ' 21098 
4b..,- r 21108 


4965-6 


lOn 




20132 


4736-1 


4963-8 


8b..,- 


b,.,- 


20140 


4731-1 


6s 


21130 


4960-7 


6b..,- 




20152 


4728-1 


4s 


21144 


4953-9 


6b.., 


20180 


4721-7 


4b..,- 


21173 


4946-2 


8b.., 




20211 


4718-0 


6s \ 


21189 


4944-3 


6s 


b,.,- 


20219 i 


4715-7 


4b../) 21199 


4941-7 


8b,' 


20230 


4714-5 


4b ' 


21205 


4937-8 


6b- ) 




20246 


4710-2 


6b.., 


21224 


4931-3 


4b- i °«-* 


20272 


47081 


4s ) 


21234 


4929-5 


20280 


4702-2 


4b...- b, 


21260 


4917-8 


4n ) 

6b,.,-; 


20328 


4698-5 


2b..,- 


21277 


4915'0t 


20340 


4694-0 


4b.., 21297 


4912-0 


2b.., 


20352 


4687-5 


4b.., ; 21327 


4907-7 


4b.., 


20370 


4683-7 


4b- 21344 


49030 


8b. 4 


20389 


4679-7 


10b.., 21363 


4896-0 


4b- \ 


20419 


4675-2 


4n 


21383 


4891-5 


6b.., 


20437 


4665-3 


6b,- 


21428 


4885-5 


ob.., >. D,.. 


20463 


4662-9 


4n 


21439 


4882-3 


8b. » 




20476 


4659-5 


2n 


21465 


4874-0 


Ibo.' 




20611 


4656-8 


4n 


21468 


4867-6 


2n 


20538 


4643-8 


I0b...-| 




21528 


4865-3 


2s 


20548 


4640-9 


6b.., 


b. 


21541 


4860-6 


2b.., 


20568 


4630-6 


6b,- j 




21689 



t A masii of fine lines. 
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Oxygen (Absorption). 

Janssen, * Compt. Rend.' cii. 1352 (1886); cvi. 1118 (1888). 
Liveing and Dewar, <Fhil. Mag.* Sept. 1888. 
See also * Air (Absorption).* 



Potassium Pebmanganate (Absobption). 

Lecoq de Boisbandran, * Spectres Lnmineux/ Paris, 1874. 



Lecoq de 
Boisbaudrnn 


Intensity and 
Character 


Oscillation 
Frequency 


Lecoq de 
Boisbaudran 


Intensity and 
Character 


Oscillation 
Frequency 


85703 
05465 
/35246 
7.5045 


7b., 
9b„ 
9b, 
7b. • 


17529 
18293 
19056 
19816 


€4861 
4694 
4543 


lb. 
lb. 


20565 
21297 
22005 



Thulium Nitrate (Absorption). 

Thal6n, * Oefvers. Kongl. Vet. Ak. Forbandl.* Stockholm, 1881, No. 6. 
I 6840 I b II 4650 | b | 

Water (Absorption). 

Angstrom, * Spectre Solaire,' 38. 
See also * Air (Absorption).' 



Phosphorescent Spectra. 
Ytteia. 

Crookes, « Phil. Trans.' 1886 ; < Ann. Chim. Phys.' (6) III. p. 145. 



Crookcfl 


Intensity and 
Character 


6675-6 


2b . 


6629-9 


2b 


6475-6 


3bg 


6209-5 


lb, 


6179-7 


6b2 


6976-2 


lb 


5790-8 


lb. 


5736-9 


lObj 


56700 


2b2 



Oscillation 
Frequency 

14975 
15079 
15438 
16100 
16177 
16728 
17264 
17426 
17631 



Crookes 



5491-5 
5399-5 
5373-3 

5177-8 
49320 
4824-7 
4449-1 
4323-0 



Intensity and 
Character 



8b, 

7b, 

2b, 

lb 

4b 

4b' 

4b 

4b 



Oscillation 
Frequency 



18205 
18515 
18605 
19308 
20279 
20721 
22470 
23125 
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Ebbia. 

Crookes, * Phil. Trans/ 1886. 



Crookes 


Intensity and 
Character 


Oscillation 
Frequency 


Crookes 


Intensity and 
Character 


Oscillation 
Frequency 


5564 
5460 


4b 
3b 


17967 
18326 


5318 
5197 


5b 
4b 


18798 
19236 



Samabia. 
Crookes, * Phil. Trans.* 1885, Pt. II. 691. 



Crookes 


Intensity and 
Character 


Oscillation ' 
Frequency | 


Crookes 


Intensity and 
Character 


Oscillation 
Frequency 


6402 
6093-7 


2b. 
10s 


15615 
16406 

1 


5976 
5620 


4b. 
2b, 


16729 

17788 



APPENDIX. 



Cadmium. 

Bell, ' Am. Jour. Science/ June, 1886 (based upon Rowland's Photographic Map of the 
olar Spectrum). 
See also Liveing and Dewar, * Phil. Trans.' clxxix. 231 (1888). 



Spark 


Intensity and 
Chasacter 


Oscillation 
Frequency 


Spark 


Intensity and 
Character 


Oscillation 
Frequency 


6438-77 


IQsc 


15526 


3249-40 


58C 


30766 


5379-22 


lOnc 


18585 


3084-28 


78d 


32413 


5338-50 


lOnc 


18727 


2979-87 


7sc 


33548 


6086-09 


lOsc 


19656 


2880-25 


78C 


34709 


4800-15 


6sc 


20826 


2836-45 


78C 


35244 


4678-39 


7sc 


21368 


2748-45 


9nc 


36372 


4414-19 


5sc 


22647 


2572-95 


9nc 


38854 


3611-76 


9no 


27679 


2329-22 


7sc 


42920 


3609-39 


lOnc 


27697 


232114 


9nc 


43070 


3534 69 


4sd 


28282 


2312-83 


lOnc 


43224 


3466-70 


8nc 


28837 


228801 


9nc 


43693 


3465-22 


lOnc 


28849 


2264-88 


9nc 


44140 


3402-68 


lOnc 


29380 


2264-42 




44148 


3260-12 


7sc 


30665 


2193-98 


8nc 


45564 


3261-77 


5sc 


30743 


2143-75 


8nc 


46631 



Carbon Hydride and Carbon Oxide. 

Deslandres, * Ann. Chim. Phys.' (6) xiv. 257 (1888). 



Wave-length 



a, 

o 

u 
bo 

'd 

.a 
xi 
H 



♦3893-1 
^38251 
3698-7 
3612-7 
3492-7 
3418-4 
3305-3 
3241-8 
3134-6 
3079-9 
2976-3 
2832-0 
2792-7 
2711-3 
2665-1 
2597-1 
2489-9 
23890 
2295-2 



Intensity and 
Character 



2s 
4b' 
2s 
6b' 
2s 
8b' 
4b' 
8b' 
4b' 
10b' 
10b' 
10b' 
4b' 
8b' 
4b' 
2b' 
2b' 
2b' 



Oscillation 
Frequency 



25679 
26135 
27028 
27672 
28622 
29245 
30245 
30838 
31892 
32459 
33588 
35299 
35796 
36872 
37511 
38493 
40149 
41845 
43554 



Wave-length 



o 

d 
o 



/ 2631 -5 
2599-0 
2568-2 
2556-8 
2538-7 
2524-1 
2510-8 
2492-7 
2484-2 
2463-3 
2458-8 
2435-0 
2425-0 
2407-4 
23940 
2381-5 
2364-8 
2356-3 
2337-7 



Intensity and 
Character 



4b' 

6b' 

4b' 

2s 

4b' 

4b' 

6b' 

4b' 

4b' 

4b' 

2s 

8b' 

6b' 

8b' 

6b' 

8b' 

6b' 

4b' 

6b' 



Oscillation 
Frequency 



37990 
38464 
88926 
39099 
39378 
89606 
39815 
40104 
40241 
40583 
40657 
41054 
41224 
41525 
41757 
41976 
42272 
42427 
42766 



* Second group. 
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OABBOH Htdbiob ahd Oabboh Ozioi— muMmmI. 



Wave-length 


Intensity and 
Character 


Oscillation 
Frequency 


Wave-length 


Intensity and 
Character 


Oscillation 
Frequency 




2332-5 


2s 


42860 




2194-0 


48 


45687 




2311-4 


8b' 


43251 




2188-1 


8b' 


46019 




2309-7 


4s 


43283 




21723 


8b' 


46244 


1 


2301-7 


28 1 


43437 


§* 


2161-6 


8b' 


46499 


2286-2 


8b' 


43727 


2 / 2149-9 
«>( 2136-6 


8b' 


46790 


& 2273-5 


4b' 


43973 


28 


46981 


urth 


2261-6 


4b' 


44199 




2127-8 


6b' 


41317 


2246-7 


4b' 


44496 


2112-7 


8b' 


47847 


& 


2237-8 


4b' 


44673 


§, 


2089-3 


8b' 


48367 




2220-7 


6b' 


45017 




2066-8 


6b' 


48872 




2215-3 


10b' 


45529 




12046-6 








2195-9 


2s 


45562 









Cobalt. 
Liveing and Dewar, * Phil. Trans.' clzziz. 231 (580 lines between 3,997 and 2,190). 

Copper. 

Trowbridge and Sabine, 'Proceedings of the American Academy/ 1888 ; • Phil. Mag.* (5) 
xxvi. 342 (based upon Rowland's Photographic Map of the Solar Spectrum). 



Spark 


Intensity 

and 
Character 




Spark 


Intensity 

and 
Character 




Hartley and 
Adeney 


Trowbridge 
and Sabine 


Oscillation 
Frequency 


Hartley and 
Adeney 


Trowbridge 
and Sabine 


Oscillation 
Frequency 


a 


b 




b 


a 


b 




b 


2370-1 


2369-9 


9b' 


42182 


2232-2 


2231-0 


3sd 


44809 


2368-7 


2368-8 


2sd 


42205 


2231-2 


*2230-l 


5sd 


44829 


2365-8 




1 




22300 


♦2228-9 


5sd 


44851 


2367-2 


2366-7 


6sd 


42420 


2229-1 


2227-8 


3sd 


44873 


2355-0 


2355-2 


2sd 


42447 


2228-1 


2226-9 


3sd 


44891 


2346-2 


2346-2 


2sd 


42591 


22270 


2225-7 


Isd 


44916 


2336-6 


2336-3 


3sd 


42790 


2226-0 


2224-8 


Isd 


44934 


2303-8 




Isd 




2219-3 


♦2218-2 


6sd 


46067 


2300-5 


2299-6 


Isd 


43421 


2218-5 




3nd 




2297-6 




Isd 




2216-5 


2215-3 


3nd 


45126 


2295-0 


#2294-4 


6sd 


43571 


2216-8 


2214-4 


3sd 


45145 


2294-6 


22939 


3sd 


43580 


2214-1 


22130 


2sd 


45173 


2291-4 


2291-1 


3sd 


43634 


2211-3 


♦2210-3 


6sd 


46228 ^ 


2286-7 


2286-7 


3sd 


43718 


2210-8 




3nd 




2279-6 


2278-4 


2sd 


43877 


2208-8 




2sd 




2277-0 


*2276-3 


6sd 


43917 


2200-3 


2200-6 


3sd 


45428 


2265-8 


2265-5 


2sd 


44127 


2199-8 


*2199-8 


Ind 


45444 


2263-9 


*2263-9 


3nd 


44168 


2196-5 


2196-9 


3sd 


45604 


2263-2 


2263-2 


3nd 


44172 


2192-0 


♦2192-4 


6sd 


46698 


2257-7 


2256-1 


2sd 


44330 


2191-2 




3nd 




2250-0 


2249-0 


2sd 


44450 


2189-6 


♦2189-9 


5sd 


46650 


2248-2 


♦2247-0 


9sd 


44490 


2188-5 




3nd 




2247-7 




3nd 




2181-0 


2181-8 


Isd 


45819 


2244-0 


*2242-7 


9sd 


44576 


2179-0 


♦2179-6 


5sd 


45867 


2243-5 




3nd 




2178-0 




3nd 




22330 


2231-7 


3sd 


44795 


2174-5 


2175-2 


3sd 


46968 



* Also arc-lines. 
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CoPPBB — eoniinued. 



Spark 



Hartley and 
Adeney 



2148-8 
2135-8 
2134-2 
2124-4 
2124-0 
21221 
2121-5 
21160 
2110-5 
21030 



Trowbridge 
and Sabine 



*2149-2 
♦21361 
2134-6 
2126-2 
2126-3 
21231 

2117-6 
2112-2 
2104-9 
2098-6 
2093-9 
20881 
2086-6 
2078-8 
2067-0 



Intenaity 

and 
Character 



3sd 

3sd 

2nd 

38d 

2nd 

3sd 

2nd 

2sd 

2sd 

2sd 

2 

1 

2 

2 

2 

1 



Oscillation 
Frequency 



46522 
46806 
46841 
47017 
47037 
47086 

47210 
47328 
47492 
47630 
47742 
47874 
47934 
48088 
48363 



Spark 



Hartley and 
Adeney 



Trowbridge 
and Sabine 



2062-7 
20551 
20450 
2037-3 
20360 
2030-9 
2025-7 
20160 
2015-8 
2013-2 
1999-9 
1989-4 
1979-4 
1970-4 
1944-1 



Intensity 

and 
Character 



1 
2 
2 
2 
2 
1 
2 
1 
1 
1 
2 
2 
2 
1 
1 



Oscillation 
Frequency 



48464 
48643 
48863 
49068 
49099 
49222 
49349 
49564 
49591 
49656 
49986 
50251 
50505 
50736 
51422 



* Also arc-lines. 



Germanium. 

Kobb. * Wied. Ann.* xxix. 670 (1886). 



Spark 


Intensity and 
Character 


Oscillation 
Frequency 
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Gold. 

Kriiss [Beiblatter, xi. 704 (1887)] finds that certain lines given by Lecoq de Boisbau- 
iran are due to imparities, viz. 5601 and 5210 to Palladium, 5230 and 4442 to Platinum, 
md 4346 and 4062 to Nitrogen. See also Demar^ay, * Compt. Rend.' cvi. 1226. 

Hydrogen. 

Cornu, * Jour, de Physique,' (10) v. 341 (1886). 
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26776 
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26941 

1 



p2 
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■1 




nrDBoaBN. (See p. 60.) 
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tm. iiso. 


110, isoi, 4111J. 110), <iM, 1168. *i5S 7 ilea ? *ioi. 4M7. «W»,4^H 
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4073-6 

4072-4 

4070-7 
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24541 
24548 
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24568 




♦4066-4 
4064-7 
4063-2 

♦4062-1 


3* 
1 

2 

3 


24584 
24595 
24604 
24612 



* Vogel 4459, 4448, 4413, 4340, 4S20, 4S10, 4201, 4195, 4193, 4174, 4168, 4168? 416S ? 4101, 4067, 4065, 4060. 



Nickel. 

Liveing and Dewar, *Phil. Trans/ clzxiz. 231 (480 lines between 8858 and 2174). 



NiTKOGBN. 
Hasselberg, < Mto. Acad. St. P^tersb.* xxxii. No. 15 (1885). 
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6566-5 
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6661-9 
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Positive Band Spectrum 
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/ 



6542-3 



15096 

15104 

15111 

15118 6533-8 

15132 

15138 

15144 

16150 

15168 

16163 6516-3 

15169 

15176 

15186 
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15204 
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15242 

15251 

15258 

15267 

liocB wboss vsve-kagtlis 
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♦6543-4 
6539-8 
6636-0 
6633-4 
6627-7 
6624-9 
6522-0 
6519-9 
6516-6 
6514-4 
6512-6 
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6605 3/ 
6501-7 
6499-1 
6496-4 
6493-7 
6490-2 
64881 
6465-7 
6482-91 
6480-0/ 
6477-5 

■• fist deUnnitted. 
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15395 

16403 

15408 

15414 

1M20 

1542$ 
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* Denotes the chief lines whose wave-lengths were first determined. 



215 



UlTBOGVa—cmUinved, 



Itive Band Spectmm 


Intensity 


Oscillation 


PofntiTe Band Spectmm 


Intensity 


Oscillation 










gstrSm 
Thal^n 


Hasselberg 


and 
Character 


Frequency 


Anestrom 
andThal^n 


Hasselberg 


and 
Character 


Freqaency 


a 


b 




b 


a 


b 




b 




6050-4 


2 


16623 


I 


5910-1 


1 


16915 




6048-3 


1 


16529 


5907-4 


1 


16923 




6045-6 


1 


16536 


/ 5904-6 


«5904-6 


6 


16931 


6043-3 


6043-9 


3 


16541 




6897-5 


6897-6 


4 


16951 




6041-9 


2 


16546 






68930 


3 


16964 




60400 


1 


16661 






6890-6 


28 


16971 




6036-7 


1 


16560 






5888-3 


2 


16978 


• 


6034-9 


1 


16566 






6886-8 


1 


16982 




6032-1 


1 


16573 






6884-7 


1 


16988 




6029-2 


1 


16681 






6883-5 


1 


16992 




6026-3 
6021-2 


2 
2 


16689 
16603 


ifMI 


5882-6 


58820 
5880-7 


S 
2s 


16996 
17000 




6017-4 


1 


16613 


77m 


5878-2 


1 


17007 




6014-9 


1 


16620 






6875-6 


Is 


17015 


6011-8 


«6012-4 


6 


16627 






6873-9 


28 


17019 


6004-6 


6005-1 


4 


16648 






6870-8 


2s 


17028 




6000-3 


S 


16661 






5868-8 


1 


17034 




5997-6 


2 


16668 






6866-3 


2n 


17042 




6995-1 


2 


16676 






6863-7 


1 


17050 




5993-1 


1 


16681 






6861-3 


2n 


17056 




5991-7 


1 


16685 






5868-1 


2 


17065 




5990-3 


1 


16689 


\ 


5855-5 


1 


17073 


6987-8 


6988-7 
6986-6 


S 

2 


16693 
16699 




f 5853-0 
5846-1 


«58631 
5845-9 


6 

4 


17080 
17101 




6984-6 


1 


16705 






5841-3 


2 


17114 




5981-6 


1 


16713 






6839-4 


2 


17120 




5979-9 


2 


16718 






5838-2 


1 


17124 




59770 


2 


16726 






5836-6 


H 


17128 




6974-4 


1 


16733 






6835-2 


1 


17132 




5971-6 


H 


16741 






5833-7 


1 


17137 




59691 


1 


16748 






6832-4 


1 


17141 




6966-8 


H 


16754 




6830-6 


5830-7 


s 


17146 




5963-2 


1 


16764 




6829-6 


s 


17149 




5960-9 


1 


16771 


n< 




6828-0 


1 


17164 


'5967-3 


♦6967-9 


5 


16779 






5827-0 


1 


17156 


5950-5 


5960-6 


4 


16800 






6825-7 


1 


17160 




59460 


S 


16813 






5824-7 


1 


17163 




6943-4 


2 


16820 






5822-7 


2n 


17169 




6940-9 


2 


16828 






6821-0 


1 


17174 




6939-1 


1 


16833 






6819-8 


H 


17178 




6937-8 


1 


16836 






6818-1 


1 


1718a 




5936-4 


1 


16840 






6815-9 


IJn 


17189 


^An#% t% 


6934-6 


3 


16846 






5813-2 


1 


17197 


5933*3 


69331 


2 


16860 






5810-8 


Hn 


17204 




6930-7 


1 


16857 


V 


5807-4 


1 


17214 




69280 


1 


16864 


5806-0 


1 


17221 




69261 


2 


16870 


/5801-8 


♦5802-9 


5 


17228 




6923-4 


2 


16877 




6796-3 


5796-7 


4 


17249 




6920-9 


1 


16884 






5792-2 


1 


17260 




6918-1 


2n 


16892 






5791-3 


2 


17262 




6913-4 


2n 


16906 






6789-9 


2 


17266 

• 



* Denote! the chief lines whose ware-lengths were flzst determined. 



216 



Positive Bind Spectram 


nleniitv 


OsdllntioD 


Pcieitiv« Band SpoOrum 




OBcitlation 










n tensity 


ond Tbdiiii 


Httsselberp Charsctti 
6 


b 


md ThBliSn 


Hmieelbeii; 
b 


, ""d 


Ftequ™L7 
b 




67BS-6 




17270 


J 5682-6 


6684-7 


2 


17586 




5787-1 




172:5 


« 


6681-6 


H 


17696 




B786-8 




17279 




5678-8 


I 


17604 




678i'l 




17284 


I 


6671-8 


1 


17626 




67H2-8 




17288 




66B7-a 


.6659-2 


s 


1766B 


B780'6 


B7S0'9 




17*2113 


T 




5652-0 


1 


17688 




B779-9 




17396 




B637-2 


5638-1 


1 


17731 




67787 




17300 




5B12-6 


.5G13-8 


3 


17808 




E777B 




17303 






6606-3 


H 


17832 




67761 




17308 






5602-1 




17846 




677BO 




17311 






6596-0 




17K64 




t67730 




17317 




SG91-2 


5593-2 


^ 


17873 




B771-* 




17322 






6591-0 


2 


17880 




6770-2 




1732B 






65860 


1 


17897 




B7eR-6 




17330 




5G67-8 


•5669-0 


31 


17951 




B766-7 




1733S 






BS67-1 


1 


17957 




6761-1 




17314 




666H-0 


5561-8 


^ 


1797B 




6761 -a 




17350 






6660-0 


1 


17980 




6758-6 




17361 






5657-2 


1 


17989 




676G-4 




17367 






655B-4 




17995 


/ B7B2-0 


.57G3-8 




17375 




56B1-8 


5652-1 


3 


18006 


BT45-U 


67i6-4 
B743'0 
67i3-0 
6710-6 
573U-e 
6738-1 




17S',I7 
17407 
17410 
17415 
17417 
17422 


' 




6519-3 
6547-2 
6545-5 
5543-5 
65420 
6B35-1 


il 

1 
t 


18015 
18022 
18037 
18034 
18039 
18061 




B736-7 




17426 






6531 '3 


In 


18074 




6736-0 




17132 




6d26-2 


6525-4 


4s 


18093 


E730'7 


6733-6 




17436 






6633-5 


1 


18099 


P 


t5731-6 




17143 






6C22-0 


1 


18104 


B729T 




17448 




BBlB-7 


6518-1 


3 


18117 




15726-2 




17458 






5615-9 


1 


18124 




tfl724-B 




174(14 




/ 6B13-1 


.5514-3 


1 


1S129 




6722-6 




1 74(59 






5S0y-6 


2 


18145 




5721-3 




17473 






5507-9 


2 


18150 




671 9-i) 




1747S 




5506-0 


5506-3 


l| 


18 156 




671BO 




17483 






6504-6 


18161 




6715-5 




17488 






650-2-8 




18167 




B713-ti 




17497 






5EOO-9 


4 


I8I73 




57100 




17 508 






B498-8 


A 


18180 




6707-9 




17514 






B49B-6 


'i 


18188 


1 B703-8 


.6706-3 




17519 






B494-7 


2 


18194 




5703-9 




17627 




B493-7 


6493-6 


a 


18198 




6702-3 




17532 






B491-6 


lib' 


18201 




6700-3 




17638 




B4S2-B 


6483-3 


E|b- 


18232 




fiGBS-l 




17641 






6479-8 


1 


18241 




fi69B-B 




17662 




/ B47fi-9 


'6177-5 


1 


18261 


f 


66930 




17560 




f 


6476-2 


2 


18255 


5690-3 




17569 




B472-6 


6472-2 


H 


18269 




6687-5 


Iti 


17577 






5471-4 


i| 


16272 



■ Denatet tb« ohiet linci wbne nie-Iengtbi Hen 0) 



217 

NiTBOOBN — eonHntted, 



■ 

Positive Band Spectrum 

_ 


Intensity 


Oscillation 


Positive Band Spectrum 


T J. • J 


^^ ••« J • 










Intensity 


Oscillation 


Angstrdm 
and Thal^D 


HaBselberg 


and 
Character 


Frequency 


An^trOm 
and Thnl^n 


Hasselberg 


and 
Character 


Frequency 


a 


b 




b 


a 


b 




b 


1 


6469-3 


H 


18279 


1 6353-2 


6352-8 


4 


18676 




6464-3 


2 


18296 


y 


5360-8 




18683 


"^ 


5457-4 


2 


18318 


6349-4 




18688 






6456-5 


1 . 


> 


18325 






5347-7 




18694 






64631 


1 . 


' 


18334 






6346-2 




18699- 






5451-3 


A , 




18339 






5346-0 




18703 






5448-6 


i_ 


■ 


18348 




\ 


5342-9 




18711 






5445-8 




18359 


\ 


5340-9 




18718 


\ 


5443-7 




183G5 




5339-7 


*63386 


4 


18726 




/ 6441-9 


♦6441-2 




18373 






5337-2 


14 


18731 




6437-0 


5436-0 


3i 


18390 






5335-6 


It 


18737 






54341 


2 


18397 






5333-4 ) 
5327-4 { 


b' 


18744 






5432-5 


3 


18402 






18765 






5428-6 


14 


18416 






5326-7 


1 


187G8 






5427-9 


2 


18418 


zi 




5324-6 


11 


18776 






5426-2 




18424 






5322-2 


18784 


m 


5424-2 




18430 






5320-0 


18791 


w%/ 


6422-1 


5421-7 




18439 






5316-8 


1 


18803 






5419-8 


■*■' 


18445 






5313-7 


1 


18814 






6417-7 


X, 


18453 






5309-4 




18829 






6415-9 


1 

3 


18459 






5306-9 




18838 






54130 




18469 


? 6306-3 


♦5305-8 


4 


18842 






5411-6 




18473 






5303-9 




18848 


\ 


5410-1 




18478 






5302-0 




18855 




'' 6406-4 


♦5406-2 


6 


18491 






6300-2 


IM 


18862 






5403-6 


1 


18501 






5298-2 


^i 


18869 




6401-7 


6401-0 


3 


18509 


a'l 


5296-2 


S'^ 


18876 






6399-2 


2 


18516 






6294-1 


1^ 


18883 






6397-6 


3 


18522 






6287-4 


18907 






5393-9 


14 


18534 






5284-4 


^S 


18918 






63930 


14 


18537 






5281-6 




181)28 






5391-4 


IJ 


18543 


\ 


5278-2 




18940 


1 


5389-7 




18548 




6273-8 


*t 6274 


3 


18965 


5388-4 




18553 


h'- 




5268-4 




18976 




6487 4 


5387-1 




18557 




5256-3 


52560 




19020 






5386.2 


n 


18564 


; 5244-6 


*t52431 


4 


19067 






6383-2 


■*■■ 


18571 




5239-3 


5237-8 


2 


19086 






5381-7 


A" 


18576 


&. 




6234 6 


!{ 


. 


19099 






5380-2 




18581 






5232-2 


1 


. 


19107 






5378-3 




18588 




. 6226-5 


5225-6 


1 


. 


19131 


\ 


5375-8 




18596 


f 5213-1 


♦15212-7 


4 


: 


19178 




5373-7 




18e04 






5210-8 


1 


19185 


( 6371-7 


♦5871-6 


6 


18G11 






5209-3 


1 


19191 




6366-7 


6366-4 


3 


18629 




5207-7 


5207-8 


3 


19196 






5364-6 


2 


18635 






5206-3 


n 


19206 






5362-9 


3 


18641 






5204-0 


H 


19210 


1 


5359-4 




18653 






5201-8 


2^ 


19219 


5357-4 




18664 


^n 




5200-2 


Is 


19224 


5355-7 




18667 


\ 


6198-6 


Is 


19231 


1 




5364-3 




1 


18671 






51971 


le 


1 


19236 



• Denotes the chief lines whose wave-lengths were first determined. 

t Groups « to ifc' by eye obeervation. Groups a to o recorded by photography. 



318 



Krraoawa—Mntbuud. 



Positive Band Spectrum 


Intensity 


Oscillation 


PoaitiTe Band Spectrum 


Intensity 


Osdllation 










AnffstrOm 
andXhal^n 


Hasselberg 


and 
Character 


Frequency 


AnffstrOm 
andThal^n 


Haaselberg 


and 
Character 


Frequency 1 


a 


h 




h 


a 


h 




h 


j,l 61961 


5195-5 


*« 


19242 


y. 


6071-8 


2 


19711 


''] 




5191-2 




19258 


/ 


♦6068-3^ 


H 


19726 






5189-7 


19263 






6066-9 K X 


3 


19730 






5188-4 


Weak 
Sharp] 


19268 




6065-6 


6066-3 J 


4 


19736 






5186-6 


19275 






6063-7 


2 


19743 


I 


6185-2 


19280 






6062-4 


2 


19748 


/^ 6183-4 


♦5183-5 


6 


19286 






5060-9 


2 


19754 






5181-7 


2 


19293 






6069-7 


2 


19758 






5180-6 


2 


19298 






6068-7 


2 


19762 






^178-9 


3 


19304 






5067-0 


2 


19769 




6179-3 


5177-9 


4 


19307 


-V 




6056-6 


3s 


19776 






5176-6 


2 


19312 


% 1 


5053-6 


8s 


19782 






5174-8 


3 


19319 






5061-7 




19789 






5173-0 


Is 


19326 






5049-5 




19798 






5171-6 


Is 


19331 






5047-3 




19807 


A 


5170-2 


Is 


19336 






6044-8 




19816 


\ 




5169-1 


Is 


19340 






6042-6 




19826 






5168-0 


Is 


19344 






6040-0 




19835 




6165-8 


5166-5 


4 


19350 






5037-1 




19847 






5164-7 


but 
Lines 


19357 






6034-3 




19858 






5162-6 


19365 


^ 5032-0 


6030-8 


3n 


19872 






6161-3 


19369 


/ 


♦4975-71 
4974-0 U 


24 


20092 






6169-9 


Weak 
Rharp 


19375 




/ 


3I 


20098 






5158-6 


19380 




4972-0 


4972-2J 


4I 


20106 






6167-1 


19385 






4970-2 


2 


20114 


I 


6166-9 




19390 






49691 


2 


20118 




'^5153-7 


♦6154-6 


5 


19395 






4967-8 


2 


20124 






51631 


1} 


19400 






4966-6 


2 


20129 






5161-6 


2^ 


19406 






4966-2 


2 


20134 




5149-0 


6149-4 


3 


19414 






4963-8 ) 
4960-8 \ 


b 


20139 


, 




6148-4 


H 


19418 






20152 


/' 


6147-1 


1 


10423 


v' 


4969-6 


2* 


20167 






6146-8 


3 


19428 


\ 




4957-6 


3 


20166 






51441 


H 


19434 






4956-3 


24 


20174 






6142-4 


1 


19440 






4963-4 


24 


20182 




5138-7 


6137-8 


3 


19468 






4960-9 


2 


20192 


V 

/ 


5134-6 


H 


19470 






4947-8 


2 


20206 




6126-1 


#5126-1 


4 


19502 






4945-6 


2 


20214 






6124-7 


1 


19508 






4943-8 


H 


20221 






6123-1 


2 


19514 






4940-8 


A 


20234 






6121-2 


2^ 


19521 






4937-7 


1 


20246 


gf 


6120-6 


2| 


19623 






4934-5 


i| 


20269 






5117-9 


2 


19534 


\ 


49311 


1 


20273 






5110-1 


1^ 


19563 


/4919-0 


4917-6T 


3 


20329 




L 


6106-7 


n 


19576 






4916-7 \X 


4 


20333 




5100-9 


2 


19598 






*4915-7j 


6 


20?37 




' 5097-7 


♦5098-7 


8 


19607 






4914-7 


2 


20341 






6093-5 


1 


19627 






4913-8 


2 


20346 






6090-3 


1 


19639 


a) 




4913-0 


2 


20348 


h! 




6083-6 


1 


19666 


\ 


4911-9 


2 


20363 




6076-8 


2 


19692 




1 


4910-7 


2 


20358 



* Chief lines first determined. Groups a to i' by eye observation. Oroups a to o recorded by photography. 

X Strong triplets. 



219 



MlTBOOEH — eontinued. 



Pontire Band Spectrum 






Positive Band Spectrum 








Intensitv 

and 
Character 


Oscillation 
Frequency 






Intensity 

and 
Character 


OflH11ft4:iATi 


Angstrtim 
andXhal^n 


Hasselberg 


Angstrbm 
andThal^n 


Hasselberg 


voviiiaiiivui 

Frequency 


a 


b 




h 


a 


h 




h 


1 


4909-8 


2 


20361 


4800-7 


4800-8 


4 


20824 






4909-1 


2 


20364 




4899-2 


4799-2 


\ 


20831 






4908-3 


2 


20367 






4798-4 


20834. 






4907-2 


3 


20372 




4897-3 


4797-2 


4 


20839 






4906-7 


3 


20378 






4796-2 


4 


20844 






4903-9 


3 


20386 




4895-3 


4795-3 


4 


20848 






4902-0 


1 


20394 






4794-9 


2- 


20860 






4900-2 


2 


20401 




4893-6 


4793-4 


2i 


20856 






4898-6 


2 


20408 






4792-7 


2 


20859 






4897-6 


2 


20412 




4891-1 


4791-3 


3 


20865 






4896-2 


2 


20418 






47901 


2 


20870 






4896-0 


2 


20423 




4888-7 


4788-8 


3 


20876 






4893-8 


2 


20428 






4787-8 


2 


20880 






4892-6 


2 


20433 




4886-1 


4786-2 


8 


20887 






4891-3 


3 


20438 






4786-0 


a 


20892 






4889-9 


H 


20444 






4783-8 


2 


20898 






4888-6 


3^ 


20450 






4783-3 


2 


20900 






4887-1 




20456 






4782-3 


2 


20904 






4885-9 




20461 






4781-1 


2 


20909 






4886-1 




20466 






4780-3 


2 


20913 






4884-1 


OB 

O 


20469 






4779-3 


2 


20917 






4882-7 


1 


20476 






4778-3 


1 


20922 






4882-0 


tA 


20478 






4777-2 


li 


20926 






4881-0 


1 


20482 






4776-2 


1 


20931 






4880-0 


20486 






4772-8 


1 


20946 


ai 


4878-8 


20491 


al 


4771-9 


i\ 


1 


20950 






4877-7 




20496 






4770-71 


1 


■ 


20955 






4876-7 




20500 






4769-7 \ 


1 




20960 






4875-4 


^' r 


20505 






4768-7J 


1 


' 


20964 






4874-3 


20510 






4767-41 


4 


20970 






4873-6 


' i 

1- • 


20513 






4766-3 > 


4 


20974 






48720 


31 


20620 






4766-4 J 


A 


20978 






4870-9 




20524 






4763-7 \ 


4 


20986 






4869-8 




20529 






4762-8 K 


i| 


20989 






4868-1 




20536 






4769-9J 


1 


21003 






4866-6 




20542 






476901 


^ 


. 21007 


1 




4866-1 




20649 






4758-2 \ 


2 


21010 




4814-0 


♦48140T 




20767 






4756-3 J 


2 


21019 




4813*0 


48130 yt 


6 


20771 






4765-41 


H 


21022 




4811-7 


48120 J 


6 


20776 






4754-5 \ 


1 


21026 






4811-2 


3 


20779 






4752-3 J 




21036 




4810-4 


4810-4 


3 


20782 






4761-3\ 
4760-6 / 




21041 




4809-3 


4809-4 




20787 








21044 




4808-2 


4808-5 


20790 






4748-21 




21064 




4807-2 


4807-4 


4 


20796 






4747-4 K 


Weak 
plets 


21068 






4806-4 


21 


20800 






4746-4 J 


21062 






4805-8 


2X 


20802 






4743-91 


21074 






4805-1 


H 


20805 






4743-1 } 


Very 
Tri 


21077 . 






4804-2 


H 


20809 






4742-3 J 


21081 




4803-7 


4803-8 


4 


20811 






4739-7 1 
4738-9 V 




21092 




4802-4 


4802-6 


4 


20816 










21096 



* Chief lines first determined. Groups a to *' by eye observation. Oroups a to o recorded by photography. 

X Strong triplets. 



220 



VmoaKX—eontiHutd. 



Positive Band Spectxum 


Intenfdty 


Oscillation 


Positive Band Spectrum 


V c • > 












Intensity 


OBcillatiool 


Angstrdm 
and Thal^n 


Hasselberg 


and 
Character 


Frequency 


An^i^trdni 
and ThaMn 


Hasselberg 


and 
Character 


Frequency 1 


a 


b 




b 


a 


b 




b 




47381J 


M 


21099 






4676-6 




21377 




4735-51 


$s 


21111 






4675-2 


M 


21383 




4734-7 I 


ll 


21114 






4674-3 


21387 


1 




4733-8 J 




21118 






4673-2 


21392 






4730-8 T 


21132 






4671-7 


1 


21399 






4729-8 I 


> 


21136 






4670-9 


21403 






4728-9J 




21140 






46699 


^ 


21407 


/'4722-7\ 


4725-9 




21154 






4668-1 




21416 


♦4722-7^ 


4 


21168 






4667-3 




21419 




4722-0 f 


4721-6 ft 










4665-8^ 


2 


21426 




4721-5 


5 


21173 




4666-0 


4665-2 I 


3 


21429 




4720-2 


472O-4J 


6 


21178 






♦4664-4J 


4 


21433 






4719-4 


3 


21183 


3 


4663-8 


2 


21436 




4718-4 


4718-4 


H 


21187 






46631 


3 


21439 




4717-2 


4717-3 


3 


21192 






4662-4 


2 


21442 




4716-0 


4716-3 


3 


21197 






4661-6 


2 


21446 






4716-1 


4 


21202 






4660-8 


2 


21449 






4714-1 


2 


20207 






4659-8 


2 


21464 






4713-4 


2 


21210 






4659-3 


I3 


21456 






4712-8 


2 


21212 






4658-7 


14 


21459 






4711-7 


3b' 


21217 






4658-0 


2 


21462 




4709-9 


4710-0 


4 


21225 






4657-4 


1 


21465 






4709-2 


1 


21229 






4656-6 


3 


21468 




4708-2 


4708-3 


4 


21233 






4656-0 


1 


21471 




4706-3 


4706-6 


3 


21240 






4656-1 


2i 


21476 






4706-1 


^ 


21243 






4653-8 


2 


21481 




4704-6 


4704-7 


3 


21249 






4653-0 


H 


21485 


, 




4703-8 


2 


21253 






14652-2 


2^ 


21489 


/ 




4703-0 


2 


21257 






4661-1 


2 


21494 


fi' 


4702-7 


4702-5 


2 


21259 






4660-6 


2 


21496 






4701-6 


2 


21267 




k. 


4660-0 


2 


21499 




4700-9 


4700-9 


2 


21266 


;4649-01 


♦4648-6^ 


4 


21506 






4700-2 


2 


21269 




4648-6 / 


4647-3 f ^ 








4698-8 


4698-9 


3 


21276 




4647-2 


6 


21611 






4697-8 


H 


21280 




4645-7 


4645-9 J 


6 


21518 




4696-2 


4696-4 


3 


21287 




4644-8 


4644-7 


3 


21623 






4695-6 


H 


21291 




4644-0 


4644-1 


SiV 


21626 




4693-7 


*4693-6 


3 


21299 




4642-8 


4642-9 


4' 


21532 






4692-6 


1 


21306 




4641-8 


4641-8 


3 


21637 




46910 


4690-9 


2^ 


21312 




4640-7 


4640-8 


4 


21642 






4689-6 


2 


21317 




4639-6 


4639-7 


4 


21547 






4688-4 




21323 


y 4638-2 


4638-4 


4 


21553 






4685-6 
4684-8 


00 


21336 
21339 


1 




4637-3 
4636-6 


'I 


21558 
21561 






4683-8 




.a 


21344 






46360 


4 


21564 






4682-7 


21349 






4635-0 


4 


21568 






4681-7 


•^ 


21353 






4634-6 


4 


21571 






46806 


i 


21358 




4632*9 


4633-1 


4' 


21577 






46796 


^ 


21363 




4631-3 


4631-4 


4 


21586 






4678-6 




21368 






4630-9 


H 


21588 1 






4677-6 




21373 

1 




4629-6 


4629-7 


3' 


21593 1 


1 


* Chief Hues 


first detenxun 


ed. OroujM 


a to recorded 


bj 


rphotograpt 


ij. t Doubl( 


B. tSir 


ong Triplets. 



221 



NiTBOOBH —eontiMued. 



Positiye Band Spedvam 


Intensity 


Oscillation 


Positiye Band Spectrum 


Intensity 


Oscillation 










o 
AnsstrOm 

andThal^n 


Hafselberg 


and 
Character 


Frequency 


Ang^trOm 
andXhal^n 


Haaselberg 


and 
Character 


Frequency 


a 


h 




b 


a 


b 




b 






4628-8 


2i 


21697 


f 


4664-6 


3i 


21901 




4627-5 


4627-7 


8 


21602 






4663-1 


4 


21908 






4626-7 


2 


21607 






4661-7 


4 


21915 






4626-8 


2 


21612 






4560-3 


H 


21922 






4626-2 


H 


21614 






4559-4 


If 


r 


21926 






4624-3 


2 


21618 






t4668-6 


2 




21930 






4623-7 


H 


21621 






4667-6 


2 


21936 






4623-1 


4P 

1 


21624 






4567-0 


2 


21938 






4622-6 


1 


21627 






4556-4 


2 


21940 




4621-6 


4621-9 


3 


21630 






4666-5 


2i 


21946 






4620-7 


2 


21636 






4664-6 


2 


21960 




4619-2 


♦4619-2 


8 


21642 






4653-3 


H 


21955 






46180 


2 


21648 






4652-3 


2 


21960 




4616-7 


4616-7 


2] 




21654 






♦4661-1 


3i 


21966 






4616-6 


1 


" 


21660 






46600 


2 


21971 




4614-0 


46141 


2 




21666 






4648-8 


2in 


21977^ 






4612-8 


1 


. 


21672 






4647-6 


2 


21983 




4611-4 


4611-6 


2 


21678 






4646-7 


2 


21987 


7 


4611-1 


2 


21680 






45460 


H 


21991 






46100 


1 


21686 






4645-2 


2 


21994 




4608-7 


4608-8 


2 


21691 






45443 


H 


21998 






4608-2 


2 


21694 






4643-4 


ll 


22003 






4607-3 


2 


21698 






4642-7 


ll 


22007 




\ 


4606-1 


2 


21704 






4541-7 


2 


22011 






4606-1 


1 


21708 






4640-8 T 




22016 






4604-2 


2 


21713 






46400 ]> 




22020 






4603-0 


1 


21718 


X 




4539-lJ 




22024 






4602-2 


2 


21722 





45380T 




22029 






4601-1 


H 


21727 






4537-1 I 




22034 






46000 


1 


21733 






4636-2J 




22039 






t*4699-0 


4 


21739 






4635-01 




22044 






4597-8 


9 


21743 






4534-2 I 




22048 






4596-7 




21748 






4533-5J 




22052 






45960 


§ 


21752 






4532-0^ 




22059 






4595-3 


a 


21756 






4531-2 ]> 




22063 






4694-4 


21769 






4630-4J 




22066 






4593-6 


1 


21763 






4528-8 T 




22075 






4592-3 


21769 






4528-1 I 




22078 






4591-2 


21774 






4527-4J 




22081 


\ 


4690-2 




21779 






4525-6T 
4524-9 y 
4524-2J 




22091 


/A574-0 


*4573-51 




4 


21858 








22094 






4572-8 


t 


6 


21862 








22097 






46720 


•^ 


6 


21866 






4522-2T 




22107 






4570-7 


3 


21871 






4521-6 I 




22110 






45701 


3 


21876 






4520-9 J 




22113 


8( 


4569-2 


3 


21879 






4618-9T 




22123 






45683 


3 


21883 






4518-3 I 




22126 






4567-5 


3 


21888 






4617-7J 




22129 






4566-6 


2| 


21891 






4615-3 


2 


22140 






45660 


21894 






4514-6 


1 


22144 






4565-4 




2-f 


t 


21897 






4514-0 


1 




22147 



• Chief lines first dctermlQed. Qroups a to o recorded by pbotogiapby. t Double, t Strong triplets. 



V 



222 



NiTBOOBN — eontiiiMed. 



PositiTe Band Spectmm 


Intensity 

.and 
Character 


Oscillation 
Frequency 


Positive Band Spectrum 


Intensity 

and 
Character 


Oscillatioii 
Frequency 1 

• 


An^trSm 
and Thal^n 


Haaselberg 


AnffstrOm 
andThal^n 


Hasselberg 


a 


b 




b 


a 


b 




b 




4510-9 


1 


22162 






4449-3 


H 


22469 




4610-2 


I 


22166 




• 


4448-6 


l| 


22473 


* 


4509-3 


2 


22170 






44471 


l| 


22480 


4507-2 


IJn 


22180 






4446-3 


l| 


22484 






4506-6 


1 


22183 






♦4444-21 
4443-4 ^ 




22494 






45040 


Un 


22196 








22499 






4502-7 


lln 


22202 






4442-7 J 




22502 


\ 


4501-3 


l|n 


22209 






4440-91 




22511 


/44890 


♦4489-4 T 
4488-6 ,^± 


4 


22270 






4440-2 ]> 




22516 




r 


5 


22272 






4439-6 J 




22518 






I T 

4487-7J 


6 


22277 






4437-61 




22628 






4486-8 


3 


22281 


.< 




4437-0 y 




22631 






44860 


H 


22286 




4436-4 J 




22634 






4485-2 


4 


22289 






4434-31 




22645 






4484-3 


4 


22294 






4433-6 I 




22649 






4483-6 


3: 


22298 






4432-9J 




22662 






4482-6 


2: 


22302 






4430-81 
4430- 1 i 
4429-6J 




22663 






4482-3 


4 


22304 








22666 






4481-6 


4 


22307 








22669 






4480-8 


36' 


22311 






4427-21 




22581 






4479-4 


4 


22318 






4426-7 I 




22684 






44780 


4b' 


22326 






4426-Oj 




22687 






4476-6 


3 


22332 






4423-61 
4423-0 I 
4422-4J 




22599 






4475-9 


2 


22336 


\ 




22602 






4474-9 


3q 


22340 




22606 






4474-1 


2l 
4 


22344 


/4417-0 


♦4416-91 


4 


22639 






4473-4 


22348 


4414-7 U 


6 


22645 






4473-1 


22349 






4413-6J 


6 


22661 






4472-2 


2 


32354 






4413-4 


2i 


22652 






4471-7 


2 


f 


22356 






4412-8 


3 


22666 






4471-0 


2 


22360 






4411-9 


3 


22659 


ff 


4469-9 


2i 


u 


22366 






4411-1 


3 


22663 






4469-0 


2 


22370 






4410-3 


4 


22667 






4467-9 


3 


22375 






4410-0 


22669 






4466-8 


2 


22381 






4409-31 
4408-8/ 


2ib 


22673 






♦4465-9 


3 


22385 






^D 


22676 






4464-8 
4463-8 


I' 


22391 
22396 






4408-1 \ 
4407-6/ 


2Jb 


22679 
22682 






4463-6 


^' 


22397 






4407-0 


2 


22685 






4462-6 




22402 






4406-3 


3 


22689 






4461-6 


^5 


22407 


V 


4406-9 


2 


22690 






4460-9 




22410 






4404-7 


4 


22696 






4460-1 


1 ' 

A 1 


22414 






4403-3 


4 


22703 






4458-4 


^' \ 


22423 






4401-9 


3i 


22711 






4457-5 


jB 


22423 






4401-4 


2 


22713 






4454-9 




22441 






4400-4 


3 


22718 






44541 


A" 1 


22445 






4399-6 


2 


22723 






4452-9 


1 ' 


22461 






4398-8 


2 


22727 






4452-2 


. 1 


22464 






4398-6 


2 


22728 






4451-0 


1 
X" 


22460 






4397-7 


2 


22732 






4450-0 


■*-^ 


22465 






4397-1 


2 


22736 




• Ghief 


lines first dete 


rminei 


1. 0] 


■oups a to rec 


»rd< 


Bdbjphoi 


ography. 


t Strong 


tripletiL 



22^ 



Mmtooss — eonUttved. 



Positive Band Spectnim 


Intensity 


Oscillation 


Positive Band Spectnim 


Intensity 


Oscillation 










Angstrom 
and Thal^n 


Hasselberg 


and 
Character 


Frequency 


Angstrdm 
andThal^n 


Hasselberg 


and 
Character 


Frequency 


a 


b 




h 


a 


b 




. b 






4396-5 


2 


22739 






4346-4 


2i 


23001 






4396-0 


2 


22741 






4346-8 


2 


23004 






4395-2 


2 


22745 






43451 


2 


23008 






4394-6 


2 


22749 






4344-4 


4 


23011 , 




V 


4393-4 


2i 


22756 






4343-81 




23014 






4392-6 


2 


22759 




4346-0 


*4343-2 y 


6b 


23017 






4391-2 


H 


22766 






4342-6 J 




23021 






4390-2 




22771 






4342-2 \ 


> 


23023 






•4389-3 


2 


22776 






4341-6/ 


23026 






4MS'l 


1-2 


22782 






43410 


1* 


23029 






4387-0 




22788 






4340-3 


4 


23033 






4386-7 




22795 


• 




4339-6 


4 


23037 


I 




4384-7 




22800 






4338-8 


4 


23041 






4384-1 




22803 






4337-9 


^ 


23046 






4383-21 




22808 






4337-3 


8 


23049 






4382-3 I 




22812 






4336-7 


2 


23052 


i 




4381-4J 




22817 






43361 


4 


23055 






4380-7 




22821 






4336-4 


1 


23059 


•j 


4379-81 
4378-8 I 
4378-oJ 




22825 






4334-8 


4 


23062 




22830 






4333-7 


4 


23068 








22835 






43330 


H 


23072 






4377-1 




22839 






4332-4 


2 


23075 






43761 1 




22845 






4331-6 


3 


23080 






4375-2 y 




22849 






4331-01 
4330-4/ 


2b 


23082 






4374-4 J 




22853 


J 




23086 






437311 




22860 


(i 


4329-7 


H 


23089 






4372-4 y 




22864 


• 




4329-0 


1 


23093 






4371-7 I 




22868 






4328-0 


3 


23098 






4370-21 




22876 






4327-3 


2 


23102 






4369-5 K 




22879 






4326-1 


3 


23109 






4368-7J 




22883 






4326-3 


2 


23113 






4367-91 




22888 






4324-3 


H 


23118 






4367-1 y 




22892 






4323-4 


li 


23123 






4366-4J 




22895 






4322-4 


2 


23128 






4366-6 




22900 






4322-1 


1 


23130 






436401 




22908 






4321-4 


1* 


23134 






4363-4 y 




22911 






4320-6 


2 


23138 


\ 


4362-6 J 




22916 






4319-9 


li 


23142 


/ 


*4356-91 


4 


22946 






4319-2 


2 


23145 






4355-8 1 


6 


22951 






4318-4 


2 


23150 






43550 f 


2 


22966 






4317-6 


H 


23154 






4364-6J 


6 


22958 






4316-9 


H 


23158 






4363-4 


3 


22963 






4316-2 


i| 


23162 






4352-8 


4 


22967 






4315-31 


1 


23166 






4351-8 


4 


22972 






♦4314-6 y 


H 


23170 


f 


4350-9 


4 


22976 






4313-9J 


^ 


23174 


4349-9 


H 


22981 






4312-91 
4312-2 y 
4311-5J 


s 


23179 






4349-2 


2 


22986 








23183 




^ 


4348-9 


3 


22988 








23187 






4347-9 


4 


22993 






4310-31 
4309-7 I 




23193 






4346-8 


2 


22999 








23196 



• Ohief lines first determined. Groups a to o recorded by photography. 



224 



NlTBOOBN —eontinued. 



Positive Band Spectrum 


Intensity 


Oscillation 


Positive Band Spectrum 


Intensity 


^^ 9W M* 






' 




Oscillation 


An^strtfm 
andThal^Q 


Haasclberg 


and 
Character 


Frequency 


AngstrOm 
and Thal^n 


Hasselberg 


and 
Character 


Frequency 


a 


b 




b 


a 


b 




b 






4309-1 J 




23200 






4260-2 


It 


23621 






4307-8^ 




23207 






4249-3 


23625 






43071 y 




23211 






t4248-3 


2 


23632 






4306-5J 




23214 






4247-4 


2 


23637 






4305-1') 
4304-4 I 
4303-8 J 




23221 






4246-6 


24 


23541 








23225 






4246-1 


2 


23544 






JS 


23228 






4246-4 


H 


23548 






4302-11 


1 


23238 






4244-6 


4 


* 23663 






4301-6 I 


i 


23240 






4243-9 


2 


23566 


i 


43010J 


23243 






4243-4 


} lb 


. 23569 






4299-21 


1 


23253 






4243-0 


23561 






4298-6 I 


23256 






4242-4 


2 


23564 






4298-2 J 


^ 


23259 






4241-61 


2 


23569 






4296-3 1 
4295-7/ 




23269 






42410 K 


2 


23572 








23272 






4240-2J 


2 


23677 






4295-2 




23275 






4239-41 


2 


23681 






4293-2 




23285 






4238-7 } 


2 


23685 






4292-6 




23289 






♦4237-9 j 


2 


23589 


\ 


4292-1 




23292 






4236-91 




23596 


/42710 


*4269-4T 


4 


23415 






4236-3 I 




23698 






4268-8 U 


6 


23419 






4235-6 J 




23603 






42680j . 


6 


23423 






4234-41 




23609 . 






4267-4 


2 


23426 






4233-8 I 




23612 






4266-8 


4 


23430 






42331 J 




23616 






4266-2 


4 


23433 






4231-71 




23624 






4265-6 


34 


23437 


*( 


42311 I 




23627 






4264-6 


3 


23442 


4230-6 J 




23631 






42641 


3 


23445 






4229-11 




23638 






4263-7 


2 


23447 






4228-6 y 


5 


23642 






4263-1 


3 


23450 






4227-9 J 


23646 






4262-7 


2 


23452 






4226-31 
4226-8 y 




23664 






4262-4 


2 


23454 






23667 






4262-0 


H 


23466 






4225-1 J 


1 


23661 






4261-5 


4 


23469 






4223-41 


23670 






4260-9 


2 


23462 






4222-9 y 


^ 


23673 


* f 




4260-3 


4 


23466 






4222-4 J 




23676 






4259-7 


1 


23469 






4220-51 
4219-9 I 
4219-4J 




23686 






4259-1 


3i 


23472 








23689 






4258-8 


2 


23474 








23693 






4257-9 


3i 


23479 






4217-51 




23703 






4257-2 


2 


23482 






4216-9 K 




23707 






4256-6 


3 


23486 






4216-3 J 




23710 






4266-2 


2 


23488 






4214-21 




23722 






4255-5 


2i 


23492 






4213-7 I 




23725 






4256-1 


23494 






421 3-2 J 




23727 






4254-6 


23497 






4211-01 


-g 


23740 






4253-9 


4 


23501 






4210-5 I 


1 


23743 






4253-7 


4 


23502 






42100 J 


23745 






4253-0 


4 


23506 






4208-3 \ 
4206-8 f 


1 


23755 






♦4251-9 


3| 


23510 






23764 






4251-2 


2 


23516 






4204-4-1 


^^ 


23777 



• Chief lines first determined. Groups a to o recorded by photography. f Double. % Strong triplets. 



225 

SiTRoaKif—eimiimied. '' 



Positive BoDil Spectrum 






Positive Band Spectrum 




Oscillation 
Frequency 


„«?. 


HmaelbOTg 
i 


Character 


Frequency 
b 


and^aiai 


b 


Intend [y 

and 
Character 


L 


4203 3J 




23783 






418E-1 \ 
4164-6/ 


li 


24002 




/iMB'O 


'J2010-) 




23797 








24006 






420U3 y^ 


6 


23800 






4182-6 T 




2401T 






4139 f J 




23304 






4161-9 L 




24021 






4199 


t 


23807 






4161-21 




24025 






4198 5 


4 


21811 






41 59-9 -| 




24033 






4197 B 


i 


23815 






4169-3 I 




24036 






4197 2 


If 


2S818 






41fiB-7j 




24039 






4106 4 


23822 






4167-2-) 




24048 






4ia5 7 


sl 


2J827 






41E6-6 ). 


24051 






4196 B 


3n 


23828 






4166-1 J 


24064 






41S4 9 


3 


23831 






4154-31 




24064 






4104 o 


3 


23833 






4163-8 ). 




24067 






4194 


^l 


238 16 






4163-2J 




24070 






4193 4 


3 


23831 






4161-6T 




24081 






419dO 


4 


21842 






4161-0 t 




24084 






4192 2 


4 


2384b 






4160-4 J 




24087 






41117 


li 


21849 






41 48-5 -1 


1 


24098 






41909 


4 


238^4 






4147-9 ], 


24102 






4IS9 7 




23861 






4147-4J 


^ 
^ 


24105 






4la9 3 


23863 






4146-61 


2411G 






41BB4 


3n 


2^)868 






4145-0 l 


24118 






4187 7 


2i 


23873 






4144-4 1 


> 


24122 






4187 


3* 


23878 




41440 


•4141-n 


4 


24141 






418b t 


^ 


83877 






4140-2 U 


B 


24146 






4186 2 


2i 


23880 






41395J 


6 


24150 






4186 7 




2?8S3 






4138-7 




24165 






4186 1 


3 


23887 






4138-3 


3i 


24167 






4184 3 


H 


a-IHIl 






41378 


2^ 


24160 






4184 1 


4 


2389) 






4137-4 


1 


24163 






4183 4 


3 


2SS17 






4136-7 


24167 






•4182 7 


H 


8)901 






4136-1 


24170 






41811 


4 


23906 






4136-6 


24173 






4180 9 


4 


23911 






4X35-1 


}. 


34176 






4180 


2* 


23916 






4134-7 


24179 






t41T9 I 


H 


23923 






4134-0 


}- 


24183 






4178 1 


2 


23927 






4133-7 


24194 






4177 3 


3 


23733 






4133-1 


2 


24188 






4176 7 


2 


23933 






4132-6 




24191 






4X7B0 


2i 


23140 






4132-3 


H 


24193 






4175 J 
4174 6 


1^ 


21943 
23947 






•4131-3 
4130-7 


i 

1 


24198 
24203 






4173 G 
41718 




23953 
239t,4 






4130-1 
4128-8 


4 
3^ 

'A 


24205 
24213 






*4I70 8 


H 


23%9 






4128-4 


24215 






4170 0-1 




2J174 






4127-5 


2-1221 






4H)9 3^ 


2 


23')7a 






4126-9 


24224 






416861 


2 


21982 






4126-3 


24238 






411)7 6-1 


2 


23983 






4126-9 


25 


24230 






4166 9 


2 


23912 






4125-3 




24234 






4166 2j 


a 


23')% 






4124-8 


2|t 


24237 



Hiided bjpbotosnph]'. 



PoiitivB Band Spcclruni 




P 


oiitIv6 Buid Spectrum 




Oscillation 
Frwinincv 

6 


Anpiwiini 
and 'rimldli 


b 


and 




niratifim 
d Thai jn 


liEulberg 
b 


iilBiiBlty 

»nd 
fau-acter 




4124-3 


2h 


24239 




4035-2 


H 


24471 




1123-6 


2 


34243 




4084-9 


4 


24473 




41233 


2i 


24246 




4084-3 




24177 




4122-7 


a 


24249 




4083-e 




24481 




4^^1■7 


H 


24255 




4083-3 




21483 




41209 
•4120-1 


i| 


24259 
24264 




4082-3 
4081-0 




24489 
21497 




4na-3 




24275 




4079-7 


sh 


24504 




4H7-3 


H 


S4280 




4079-4 




24506 




4nG-i 




24286 




•4078-3 


H 


21513 




1115-2 




24293 




4077-7 


i| 


24516 




41U-6 




24297 




4077-0 




24521 




41U-0 




24300 




4076-8 




24622 




4I13-31 




24304 




4076-1 




31Q26 








24309 




4076-6 




24524 




1111-3 J 




24313 




4075-1 




21532 




4111-1 




24327 




4071-4 




24636 




4110-3-1 




24322 




4074-0 




21539 




4109-e i 




24326 




1073-4 




24542 




4108-9 J 




24330 




4072-6 




24617 




4108-2 




24335 




4072-4 




21548 




4 107-3 T 




2434(1 




4071-7 




24B63 




4ioe-6 ). 




24344 




4070-8 


H 


24668 




Il{)fi9j 




24348 




4069-9 


A 


24663 




4104-91 




24354 




40689 


4 


24569 




4104-a y 




243fi8 




4063-0 


In 


24575 




4103-6 




24362 




4067-0 


H 


24581 




4102-4" 




24369 




4006-0 




24587 




4101-8 ■ 




24371 




4065-2 




24592 




4101-1 




24377 




4064-9 




24594 




4099-9 1 




24384 




4061-1 




24598 




4099-3 y 




24387 




4063-7 




21601 




4098-6 J 




24391 




40637 




2-1607 




4097-2-) 




24400 




4062-0 




24611 




4096-7 > 




24403 




4061-1 




24617 




4096-Oj 




24407 




4080-G 




24620 


^M98-0 


•4094-ai 




24418 




4059-8 




21624 




4093-7 1 




24421 


■40G3-0 


•1058-71 


*i 


24631 




4003-2 f 




24424 




4058-3 y 


6 


24634 




4092- i J 




24430 




1067-9 ) 


6 


24036 




4091-6 




34433 




4057-3 


4 


24640 




4091-0 


H 


24437 




4056-8 


4 


24643 




4090-B 


2a 


24440 




4066-3 


4 


21616 




4090-2 


2 


24442 




1055-8 


H 


31619 




4089-8 


3n 


24446 




1065-6 




21651 




408S'9 




24449 




1055-3 




21652 




4088-3 


2ib' 


21453 




4054-7 


3^ 


21656 




4087-3 


2 


24459 




4064-3 




21663 




4086-9 


2 


244H1 




4033-9 


3i 


24660 




4«Rfil 


n 


34166 




4053-5 




24663 




408e-r> 


3 


244«7 




10.-.3-1 


a 


24665 


• Chief 


Uaei first dcM 


[mined. G 


roups « to ree 


irded bj T-ho 


OBraphj. 


;Slroai 


trlpM.. 



227 
Ni Tnoasn—eontimied. 



te Band Sptctruni 






Powtive Baud Spectrum 








Intensitj 


OsPillalion 




Inunsitr 


OadUatTDn 










tram 


* 


Chanct^r 


Freqnencj- 


inCTtrflm 


b 


and 
Character 


Fiequeocy 
ft 




J0E2'7 


3 

I n 


24868 






4022-31 


1 


24854 




4052-a 


24671 






4020-8 T 




248G3 




406aO 


1 D 


24673 






4020-4 ]■ 




24866 




406 1'E 


4 □ 


24675 






4019-9 J 




24869 




40511 


1 


24677 






4018-41 
10179^ 




24M78 




40500 


lb' 


2J878 








24881 




40B0'5 


4b' 


24681 






4017-5 ) 




24884 




4049-4 


Si 


24688 






4015-81 




24894 




40489 


3 


B4691 






4016-4 ^. 




24897 




4048-3 


3 


24694 






4016-0 J 




24899 




404S'l 


3 


24(!!)6 






4013-3 1 
4012-7 ^ 




24910 




4047-7 


3 


246<)8 








24913 




4047-2 


3 


24701 






4012-4 J 


1 


24915 




4046-8 


3 


24704 






4010-51 


-a 


24927 




404(i-2 


2i 


24707 






40101 ), 


g 


24930 




404o'8 


3 


247)0 






40O!l-7j 




21932 




404O-4 


3 


84712 






4007-7 


3 


24944 




4045-0 




24715 






4007-3 


1 


24947 




4044-6 


H 


24717 






4006 9 J 




2*949 




404.1-9 


4 


24721 






4004-9 1 




24962 




•4043-S 


48 


24724 






4004-5^ 
4004-1 1 




24964 




4042-8 


2i 


24729 








24967 




4041-7 


3n 


24734 






40019-1 
4001-6 ) 
4001-1 J 


i 


249M 




4040-9 


3 


24740 






24183 




4040-3 


H 


24744 








24986 




4039-8 


f 




24746 




< 4002-0 


•3997-81 


4 


26{106 




4039-2 


2 




24750 






3997-2 U 


e 


25010 




403B-6 


2 




24754 






3996-6 J 


6 


25014 




40380 


2 




24757 






3996-4 


4 


25015 




4037-4 


2 




34781 






39n6-9 ■ 


3 


2B018 




4a%-7 


2 




24766 






3995-4 


4 


25021 




4038-1 


2 




34769 






3B94-9 


3 


25024 




4035-6 






24773 






3994-7 




2^26 




4034-9 


2 




24771 






3994-3 




26028 




4034-2 1 


9 




24781 






3993-9 




2^011 




4033-6 






24784 






3993-7 


25012 




4033-0 ) 






24788 






3993-6 


26034 




4039-2 1 


2 




24793 






3993-0 


SoOifi 




4031-6 } 


2 




24797 






3992-7 


2 


25038 




4031-1 J 


2^ 


24800 






3993-3 


3 


25041 




4030-0 i 


3* 


24807 






399! -9 


3 


25043 




4023-S } 


2 


24810 






3991-6 


2 


2604S 




4029-0 ) 


2 


24R13 






3991-3 


2 


25047 




•4027-8 1 


2 


24820 






3990-8 




25060 




4037-3 )■ 


a 


34823 






3990* 




26053 




402S-8 1 


9 


24826 






3989-8 




25066 




4025-6"! 


2 


24S34 






3989-4 




2E0i7 




403S-1 


2 


24837 






3989-1 




25061 




4024-6 


2 


24840 






3988-7 




2^063 




4033-2 


H 


24848 






39BR-B 


2 


25064 




4022-8 . 




I 


248S1 






3997-7 


31 


25070 - 



228 



Positive Band Speclrum 






Pusitive Bond Siiectrum 










(^cUUtion 
b 






OHilUtian 
Freqnency 

b 


and Thal^Q 


Huselbsrg 
b 


BDd 

Character 


IngBtrSm 
and Thal^n 


HaasaJberg 
b 


Charatter 






3987-1 


H 


25073 






3971-1 J 


2 


25174 






3986-6 


3 


26076 






3970-2 1 


2 


25176 






39863 


3 


25078 






3969-6 ^ 


2 


241B4 






38858 


3 


25082 






39690 1 


2 


B 








3 


26084 






3968-11 




25 93 






39860 


3 


26087 






3967-6 K 




26 9 






3984-3 


2 
2 


26091 






3967 J 




25200 






398i-l 


25092 






3965-9 T 




2620 






39836 


2 


25095 






3965-4 I 




B 2 






398S'8 


3 


25100 






3964-9 J 




25 4 






3982-1 


2 
3 

2 


25106 






3963-B-l 




252 






•3981 -2 


25107 






3963-2 t 




25225 






3980-6 


26II6 






3962-7J 




25228 






3979-7 


3 


25120 






3961 -4 T 




26 36 






3979-6 


3 


25121 






3960-9 . 




26 39 






3978-9 


1 


25125 






3960-4 




2 242 






39TB-1 


25130 






3959- n 




2 25 






39T7-8 


26132 






3958-6 I 




2526 






3977-2 


25136 






3958-lJ 




25 






3S76-E 


4 


25140 






3966-6 1 




2526 






39760 


2 


26143 






3956-1 y 




25 






3975-E 


1 


26146 






3955-7) 


s 


5272 






3976-3 


»l 


25148 






39641T 




25283 






3974-8 


20151 






3953-fi ]. 


26286 






3974-1 


2 


26155 






3953-2J 


25298 






39736 


2 


26169 






3961-5T 
3951-1 V 


252 9 






3972-9 


2 


26163 






^ 


25 02 






3973-2-1 
3971-6 f 


2 


26167 






3950-7] 




6304 






2 


S5171 















Haaselberg, * Mfim. de I'Aoad. St. P^terab.' rail. No. IE. 




Negative Band Spectnim 






Negative Band Spectrum 




OscillaUon 
Frequency 


ingitiiim 
and Thal^n 


b 


CharaoUr 


Freqaency 
b 


XngstrOm 
uidThal^n 

a 


t 


Character 


^4709-3 


•4708-6 




21231 


1 


4694-4 




21297 




4706-8 




21240 






4692-8 




21303 




4704-6 




21249 






4691-1 




21311 




4702-8 




2125S 






4689'4 




21318 , 1 




4701-0 




21266 






4687-6 




21327 




4699'9 




21271 






4685-6 


H 


21337 




4698-7 


2i 


21277 






4683-6 




21346 




4687-2 




21287 






4681-5 




21364 




4696-9 


3 


21290 






4679-3 




21364 , 



■ Chief liDH Bnt dsMrmlncd. 



TAcordad by pboto^iaphj 



229 



NiXBOOER— eontiiiued. 



pegatiTe Band Spectnim 


Intenfiity 


Oscillation 


'Negative Band Spectrum 


Intensity 


Oscillation 










AnntrSm 
andThal^n 


Hueelberg 


and 
Character 


Freqaency 


An^trOm 
andThal^n 


Hasselberg 


and 
Character 


Frequency 




a 


b 




h 


a 


b 




b 






4677-2 


H 


21374 




45480 


1 


21981 


A 




4674-7 


1 


21385 






45470 


2 


21986 




4672-3 


1 


21396 






4546-0 


1 


21991 




te 


4667-3 


1 


21419 






46460 


2b' 


21996 


/^ 4653-6 


♦4651-2 


6 


21493 






4543-8 


1 


22001 






4649-2 


2 


21503 






4542-9 


2 


22006 






4644-8 


1 


21523 






46420 


2 


22010 






4643-8 


2 


21528 






4640-9 


2 


22015 






4642-6 


^ 


21533 






4539-5 


li 


22022 






4641-5 


4 


21538 


4 


4538-0 


1 


22030 






4640-2 


H 


21544 


\ 




4536-4 


2 


22038 






4638-8 


H 


21551 






4536-3 


1 


22043 






4637-4 


i| 


21557 






46340 


1 


22049 






4636-9 


21 


21564 






4533-3 


1 


22053 


1 


4634-3 


ll 


21572 






4632-5 


4 


22057 


J 


4633-3 


1 


21576 






4629-8 


1 


22070 


\ 


4632-7 


2i 


21579 






4629-1 


i| 


22073 






4631-1 


r 


21587 






4526-7 


1 


22090 






4629-9 


3 


21692 






4626-4 


1 


22091 






4629-0 


1 


21696 


\ 


4521-4 


1 


22111 






4627-2 


^ 


21605 


/4516-5 


♦4615-3 


5 


22140 






46251 


1 


21616 






4514-3 


11 
ll 
ll 
ll 


22145 






4624-6- 


1 


21617 






4513-4 


22150 






4620-8 


21 


21635 






4512-7 


22153 






46161 


l| 


21667 






4512-2 


22166 






46090 


l| 


21690 






4610-1 


22166 




. 


4606-5 


ij 


21702 






4609-2 


1 


22170 


\ 


4600-9 


l| 


21728 






4508-3 
4507-3 


2 
1 


22175 
22180 


-/ 4601-2 


♦4599-4 


6 


21735 


E 


4506-2 


2i 


22185 






4597-7 


2 


21743 


45051 


1 


22191 






4596-5 


2 


21749 






4503-9 


3 


22196 






4594-3 


H 


21769 






4502-6 


1 


22203 






4593-2 


1 


21765 






4501-3 


3 


22209 






4592-2 


2 


21769 






4499-9 


1 


22214 






4591-2 


1 


21774 






4498-5 


2i 


22223 






4590-1 


n 


21779 






4496-9 


1 


22231 






4588-8 


21786 






4495-3 


2 


22239 


^< 


4587-4 


3 


21792 






4493-6 


1 


22248 


1 




4586-1 


H 


21798 


\ 


4491-9 


2 


22265 






4684-7 


3 


21805 


M 


4484-9 


4 


22291 






4583-1 


H 


21813 


4484-3 


4 


22293 






4581-6 


3 


21820 


/ 4281-0 


♦42780 


5 


23368 






4579-8 


n 


21828 






4276-9 


3 


23374 






4578-1 


H 


21836 






4276-5 


3 


23376 






4576-1 


1 


21846 






4276-1 


3 


23379 






4574-3 


1 


21855 


G< 


4275-6 


2i 


23381 




V 


4570-2 


2 


21874 




4276-0 


3 


23385 


/ 4556-2 


4553-8 


5 


21963 




4274-4 


2 


23388 




♦4652-9 


6 


21967 




4272-9 


H 


23396 


i 




45490 


li 


21976 




\ 


4272-1 


2 


23401 



* Chief lines first determined. Oroups ▲ to K recorded by photography. 



230 

i 

Nitrogen— <j<m^mfw</. 





1 












N^egative Band Spectrum 


IntenMty 


OBcillation 


Negative Band Spectrum 


Intensity 


Oscillation 








o 

Anj::strdm 
and Thal^n 


Hasselberg 


and 
Character 


Frequency 


Angstrom 
and ThaMn 


Hasselberg 


and 
Character 


Frequency 


a 


6 




6 


a 


6 




b 




r 


4271-2 


H 


23405 






4219-1 


1 


23695 








4270-2 


^ 


23411 






4218-4 


H 


23698 






4269-2 


4 


23416 






4217-6 


2 


23703 






42680 


H 


23-123 






4216-1 


2 


23712 






4266-9 


4 


23429 






4216-4 


1 


23715 






4265-7 


^ 


23436 






4214-6 


2 


23720 






4264-6 


4 


23442 






4214-1 


2 


23723 






4263-1 


3 


23450 






4212-7 


2 


23730 






4261-7 


4 


23458 






4211-1 


2 


23740 i 




, 


4260-3 


2i 


23465 






4209-3 


1 


23749 / 


a 




4258-8 


4 


23474 






4207-6 


H 


23759 / 


\ 


4257-2 


i\ 


28482 


\ 


4203-6 


1 


23782 1 






4256-6 


23492 


/4203-0 


*4198-7 


5 


23810 1 






4253-9 


2 


23601 






4198-3 


4 


23812 ^ 






4252-2 


3 


23510 






4197-7 


3} 


23816 








4260-3 


2 


23520 






4196-9 


3! 


23820 








4248-6 


H 


23631 






4196-4 


2 


23823 








4246-6 


H 


23642 






4195-9 


2 


23825 








4244-6 


2 


23552 






4195-3 


2 


23829 ■ 








4242-6 


1 


23563 






4193-9 


li 


23837 








4240-4 


1 


23576 






4193-3 


2 


23840 






k. 


4236-6 


1 


23697 






4192-3 


2 


^23846 


« 


> 42390 


*4236-3 


6 


23698 






4191-4 


2i 


23851 




4236-1 


H 


23606 






41906 


23866 








4234-3 


3 


23609 


J 




4189-6 


1 


23861 








4233-9 


2 


23612 


'\ 


4188-4 


3 


23868 








4233-3 


2^ 


23614 






4187-3 


1 


23874 








4232-8 


IJ 


23618 






41861 


3 


23881 








4231-3 


2 


23626 






4186-0 


H 


23887 








4230-4 


H 


23631 






4183 6 


3 


23895 




« 


4229-6 


3 


23636 






4182-3 


2| 


23903 




4228-6 


2 


23641 






4180-9 


23911 




1 




4227-6 


2I 


23647 






4179-4 


1 


23920 








4226-6 


23662 






4177-9 


2 


23929 








4226-6 


4 


23659 






4176-4 


H 


23937 








4224-4 


2J 


23665 






4174-7 


4 

1 


23947 








42231 


4 


23672 






4172-9 


<1 


23957 








4221-9 


2^ 


23678 


V 


4171-3 


1 


23966 








4220-6 


3| 


23687 


^1 41760 


*4166-3 


3 


23995 








4219-4 


1 


23693 


♦4165-6 


3 


23999 





* Chief lines first determined. Groups^A to k recorded by photography 






i 



232 



OXTGBN. 
Deslandres, ' Ann. Chim. Phys.* (6) xiv. 257 (1888). 
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Platinum. 

Hutchins and Holden, • Proa Am. Acad.* xxiii, • Phil. Mag.' xxiv. 325 (1887), give 
following lines of Platinum on the scale of Rowland s map: 4932-4, 48990, 4857*7, 4852 
4580-8, 4660-3, 4552-8,* 44818, 4466-0,* 44480, 44467, 44407, 44352, 44304, 4392 
42911. 

• JLgree with lines obaerred by TluJdn. 
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